£tbrarg 

of  the 

Untpersttg  of  £eebs. 


presented  by 

Sir  Victor  Horsley. 
( through  the  yice-ChanpellQy 

I)ateMarch.,.1.9.I.5...... 


30106  004055249 


t 


Digitized  by  the  Internet  Archive 
in  2015 


https://archive.org/details/b21508513 


LESSONS  AND  EXPERIMENTS 

ON 

SCIENTIFIC  HYGIENE  AND 
TEMPERANCE 

FOR 

ELEMENTARY  SCHOOL  CHILDREN 


MACMILLAN  AND  CO.,  Limited 

LONDON   ■   BOMBAY  ■  CALCUTTA 
MELBOURNE 

THE  MACMILLAN  COMPANY 

NEW  YOUK  •  BOSTON  •  CHICAGO 
DALLAS  •  SAN  FRANCISCO 

THE  MACMILLAN  CO.  OF  CANADA,  Ltd. 

TORONTO 


LESSONS  AND  EXPERIMENTS 

ON 

SCIENTIFIC  HYGIENE  AND 
TEMPERANCE 

FOR 

ELEMENTARY  SCHOOL  CHILDREN 


BY 

HELEN  COOMBER 


MACMILLAN  AND  CO.,  LIMITED 
ST.  MARTIN'S  STREET,  LONDON 


COPYRIGHT 


C04244 


INTEODUCTION 


In  offering  these  Notes  of  Lessons  for  Children  to  School 
Teachers  and  School  Managers,  a  few  words  in  explanation  of 
their  origin  and  their  scope  may  be  useful. 

They  are  the  outcome  of  a  long-continued  effort,  begun  in 
1903  by  over  15,000  of  the  Medical  Profession,  to  get  the 
teaching  of  hygiene  and  temperance  introduced  into  the 
time-tables  of  all  the  Elementary  Schools. 

Deputations  of  the  Profession,  including,  among  others,  Sir 
Thomas  Barlow,  Sir  Lauder  Brunton,  Mr.  M'Adam  Eccles, 
Sir  Alfred  Pearce  Gould,  Sir  Victor  Horsley,  Dr.  Mary  Sturge, 
and  Professor  Sims  Woodhead,  waited  on  successive  Presidents 
of  the  Board  of  Education  to  urge  upon  them  the  great  national 
importance  of  giving  such  teaching  in  the  Schools,  and  they 
placed  in  the  hands  of  the  Board  of  Education  a  scheme  of 
lessons  which  they  had  drawn  up  to  facilitate  the  object  they 
had  in  view. 

For  several  years  these  deputations  were  entirely  unsuccess- 
ful. In  1909,  however,  under  the  Presidentship  of  Mr.  Runci- 
man,  the  Government  Syllabus  of  "  Lessons  on  Temperance  " 
was  issued,  based  upon  the  medical  scheme,  and  a  great  step 
towards  the  uplifting  of  the  country  was  thus  made,  for 
though  the  Syllabus  is  of  necessity  highly  condensed  and 
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unpretentious,  it  gives  both  direct  knowledge  and  warnings 
which  are  quite  essential  to  the  children  for  the  reasonable 
conduct  of  their  lives. 

But  before  the  Syllabus  could  really  reach  the  children 
some  road-maldng  had  to  be  done. 

The  School  time-tables  are  overcrowded,  the  teachers  over- 
tired, and  yet  the  Syllabus  to  convince  the  reason  of  the 
children  needs  extension  and  subdivision. 

Farther,  many  non-abstaining  teachers  are  not  interested 
in  the  subject,  and  do  not  desire  to  teach  it  because  they  have 
not  grasped  the  unique  combination  of  the  educational  with 
the  practical,  which  it  offers. 

In  order,  therefore,  to  overcome  these  difficulties  it  was 
decided,  after  consulting  the  views  of  as  many  head-teachers 
as  possible,  to  draw  up  a  series  of  experimental  lessons  in 
physiological  hygiene  and  temperance  for  the  threefold  pm-pose 
of  giving  the  children  a  good  rule  of  life,  a  good  reason  for  the 
rule,  and  a  scientific  training,  which  by  stimulating  observa- 
tion and  reasoning,  and  forming  the  scientific  habit  of  seeking 
out  causes  instead  of  accepting  effects,  should  really  develop  the 
brains  and  the  intelHgence  of  the  children.  Thus  they  should 
pass  out  into  the  world  more  alert  and  alive  to  cope  with  its 
problems,  and  to  take  in  what  new  ideas  and  further  teaching 
the  State  or  their  employers  might  afterwards  afford  them. 

Lord  Haldane  has  recently  pointed  out  that  science  gives  a 
mental  training  which  can  never  be  obtained  by  other  means, 
and  wliich  ought  to  form  part  of  every  education ;  and  this 
particular  science  of  physiological  hygiene  and  temperance 
would  not  only  benefit  every  child  in  the  schools,  but  the  whole 
community  also,  through  the  reduction  which  it  would  bring 
about  in  crime,  poverty,  and  siclcness,  and  the  costly  machinery 
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of  police,  magistrates,  and  hospitals  necessary  to  deal  with 
these  evils. 

It  is  therefore  earnestly  to  be  hoped  that  School  Authorities 
will  at  last  do  justice  to  the  obvious  importance  of  this  subject, 
and  give  it  a  front  rank  in  the  curriculum,  even  if,  in  order  to 
do  so,  they  have  to  sacrifice  other  teaching  which  has  hitherto 
been  given  the  precedence  in  popular  estimation. 

In  view  of  the  foregoing  considerations,  therefore,  the 
following  Course  of  Lessons  has  been  drawn  up  with  special 
reference  to  the  Elementary  Schools. 

The  Author,  Miss  Helen  Coomber,  has  endeavoured  to  use 
only  the  plainest  and  most  colloquial  language  possible  to 
suit  the  extremely  narrow  vocabulary  of  the  children,  the 
apparatus  is  the  cheapest  and  simplest  that  could  be  devised, 
and  though  the  lessons  are  given  in  minute  detail,  it  is  obvi- 
ously open  to  any  teacher  to  modify  them  at  will  to  suit  the 
exigencies  of  each  particular  school. 

Those  who  are  acquainted  with  the  Board  of  Education 
Syllabus,  around  which  these  lessons  are  planned,  may  feel 
some  surprise  that  the  "  civic  "  or  "  moral "  side  of  the  teaching 
has  not  been  directly  included.  The  reason  is  simply  that, . 
though  this  is  the  most  important  outcome  of  the  whole 
subject,  teachers  need  no  specialised  help  in  presenting  it, 
and  can  easily  deal  with  this  part  of  the  question  after  the 
manner  which  they  may  individually  find  expedient. 

In  conclusion,  it  should  be  said  that  much  helpful  criticism 
and  suggestions  have  been  given  by  practical  teachers  and 
physiological  experts,  and  that  all  the  scientific  statements 
have  been  submitted  to  and  approved  by  Sir  Victor  Horsley, 
wlio  lias  made  a  special  study  of  the  question. 


EXPLANATORY  NOTE 


The  following  lessons  are  based  on  the  matter  contained  in 
the  Board  of  Education  Syllabus  "  Lessons  on  Temperance." 

They  are  an  attempt  to  make  the  teaching  of  the  facts 
there  outlined  really  educational,  because  based  upon  experi- 
mentSj  observations,  and  deductions  made  by  the  children 
themselves.  The  greater  proportion  of  the  lessons  is  con- 
cerned with  the  physical,  chemical,  and  biological  facts,  a 
knowledge  of  which  must  be,  to  a  reasonable  being,  the  best 
foundation  for  belief  in  temperance ;  but  knowledge  of  these 
same  facts  is  also  the  groundwork  for  right  thinldng  in  aU 
healthy  Uving,  and  most  of  the  hygiene  now  taught  in  the 
schools  also  needs  a  basis  of  simple  experimental  work  if  it  is 
to  be  real  to  the  children.  With  the  surely  coming  extension 
of  the  compulsory  school  age  there  will  be  an  increasing 
demand  for  such  teaching,  and  it  is  hoped  that  these  lessons 
may  make  it  easier  for  the  teachers  to  provide  it. 

In  order  to  emphasise  the  point  that  the  children  are  as 
far  as  possible  to  find  out  the  facts  for  themselves,  these  Notes 
are  largely  in  the  form  of  question  and  answer,  as  a  reminder 
that  the  lesson  which  contains  the  minimum  amount  of 
statement  on  the  part  of  the  teacher  is  the  best.  So  much 
of  the  subject  cannot  be  taught  experimentally  that  it  is 
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fatally  easy  merely  to  poiir  out  information  upon  the  children. 
It  is  not  to  be  supposed  that  the  children  are  expected  to  return 
at  once  the  answer  given  in  the  lesson  to  any  one  question, 
nor  indeed  that  the  lessons  will  follow  this  exact  course.  A 
whole  series  of  questions  and  answers  may  often  be  needed  to 
lead  up  to  any  of  those  in  the  Notes,  in  which  only  the  main 
trend  of  the  argument  can  be  indicated. 

The  work  was  planned  for  children  of  eleven  to  fourteen 
years  of  age,  and  forty-minute  lessons  are  best  suited  for  this 
type  of  experimental  work ;  but  there  is  so  much  variation  in 
the  schools  as  to  time  given,  size  of  classes,  previous  training 
of  children  in  experiment  and  self-expression,  that  it  seems 
best  to  divide  the  subject-matter  up  into  sections  and  not 
into  separate  lessons,  leaving  this  further  subdivision  to  the 
individual  teacher.  Some  of  the  earlier  sections  might  well 
be  divided  into  three  or  four  lessons  lasting  perhaps  for  shorter 
periods  than  forty  minutes.  The  end  of  a  lesson  or  of  such  a 
group  of  subdivided  lessons  must  be  arranged  to  faU  at  the 
end  of  a  section,  as  often  some  time  is  required  to  elapse  between 
the  setting  up  of  an  experiment  in  the  one  section  and  its 
completion  in  the  next,  and  also  with  each  section  a  new 
"  Aim  "  becomes  the  basis  of  the  work. 

Parts  of  sections  dealing  with  protoplasm  and  molecular 
structure  and  certain  other  points  have  been  included  in 
brackets  *(  )*,  as  being  more  difficult  conceptions  suitable  for 
older  children  only,  and  can  be  omitted  at  the  discretion  of 
the  teacher.  Questions  are  sometimes  asked  by  the  children 
which  might  necessitate  some  such  treatment  of  the  subject, 
and  such  words  as  molecule,  protoplasm,  etc.,  are  now  so 
common  in  our  newspapers  that  it  does  seem  desirable  to  give 
the  children  some  idea,  though  necessarily  an  imperfect  one, 
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of  their  significance,  and  when,  as  we  all  hope,  the  school  age 
is  extended,  the  older  children  will  require  more  of  such 
education. 

Other  portions  of  the  subject-matter  are  included  in 
brackets  (  )  to  indicate  that  they  are  for  the  information  of 
the  teacher  only,  e.g.  names  of  chemicals  or  names  of  parts 
of  the  body  not  needed  by  the  children. 

A  Hst  of  books  which  have  proved  most  useful  to  myself 
and  other  teachers  is  herewith  added,  and  also  a  Hst  of  the 
apparatus,  etc.,  required.  This  latter  ordinarily  costs  about 
£1  :  15s.,  and  would  probably  cost  less  when  obtained  from 
the  County  or  Borough  Educational  authority. 


HELEN  COOMBER. 


♦ 

BOOKS 


(All  for  Teacher,  none  for  the  children  to  use.) 

Chemistry.    Introduction  to  Chemistry  and  Physics.    Perkin  and  Lean. 

Vol.  II.    2s.    Or  any  Introduction  to  Study  of  Chemistry. 
Physiology.    Physiology  for  Beginners.    Foster  and  Shore.    2s.  6d. 
Hygiene.    Lessons   in   Practical   Hygiene.    Alice   RavenhiU.    7s.  6d. 

Most  comprehensive  and  useful,  but  very  few  illustrations  or 

diagrams. 

Anatomy,  Physiology,  and  Hygiene.  The  Human  Body.  H.  V.  Martin. 
(In  American  Science  Series.  Briefer  course.)  6s.  6d.  Has  many 
illustrations.  .  , 

The  Body  at  Work.  50  cents  each.  Books  III.  and  IV.,  m  the 
Gulick  Hygiene  Series,  are  really  intended  as  "  Readers  for  the 
chUdi-en,  but  are  only  mentioned  here  as  being  veiy  suggestive  tor 
the  teacher,  as  containmg  extra  and  mteresting  information,  as  being 
very  cheap.  i  a 

Alcohol  and  the  Human  Body.  Horsley  and  Sturge.  Is.  As 
this  has  been  the  mam  text-book  used  in  preparing  these  lessons, 
and  contains  all  the  physiological  information  required  for  them, 
it  is  almost  indispensable. 
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REQUIEEMENTS  FOR  COURSE 


FOR  EVERY  CHILD. 

A  notebook,  preferably  with  blank  pages  for  sketches.  Squared 
paper  for  diagrams,  red  and  blue  coloured  chalks. 

PHYSICAL  AND  CHEMICAL  APPARATUS. 

Balance  needed  for  two  experiments  only.  (Small  2s.  6d.  balance  as 
used  by  doctors  for  dispensing  purposes  can  be  used.)  Counter- 
balancing of  magnesium  against  same  magnesium  oxidised. 
Section  II. 

File  for  glass  tubing. 

Iron  tripod  stand. 

1  or  2  large  spirit-lamps. 

Bunsen  burner  (for  Section  II.)  and  tubmg  tong  enough  to  reach 

gas-burner. 
Blow-pipe. 

2  clips  for  closing  rubber  tubing. 

1  yard  rubber  tubing,      inch  bore. 
6  test-tube  corks,  unbored. 

2  corks  for  250  c.c.  flask. 

Cork  borer,  or  3  rubber  corks  with  two  holes  already  bored  in  each 

to  fit  flask  and  large  test-tube. 
Packet  of  filter  papers  about  4  inches  diameter. 

GLASS  APPARATUS,  Eto. 
One  350  c.c.  beaker. 
One  250  c.c.  flask. 
Filter  funnel. 
Thistle  funnel. 

3  yards  glass  tubing  inch  bore,  not  too  hard  to  just  bend  in  spirit- 
lamp  flame  to  make  U-tubcs  for  oxidishig  of  food-stuffs  with 
copper  oxide. 
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10  inches  soft  glass  tubing  J  inch  bore. 
3  inches  glass  tubing  ^  inch  bore. 
1  dozen  test-tubes. 

1  large  test-tube  (with  2-hole(i  rubber  cork  to  fit). 

2  evaporating  dishes. 
2  crucibles  with  lids. 
Centigrade  thermometer. 

Animal  parchment,  4-5  inch  squares. 

CHEMICALS.    (Smallest  quantity  of  each  that  can  bo  bought — usually 
1  oz.  is  more  than  will  be  needed  for  one  set  of  lessons.) 
Magnesium  ribbon,  1  yard. 
Iron  iilings. 
Granulated  zinc. 
Carbon. 

Marble — half  a  dozen  small  pieces. 
Copper  oxide. 
Copper  sulphate. 

Manganese  dioxide.    Potassium  chlorate  (for  making  oxygen). 
Iodine,  tincture  of. 

Litmus  (solid  for  dissolving)  and  litmus  paper. 

Fehling's  solution  (if  possible).  Obtain  from  chemist  the  two 
separate  solutions,  one  colourless  (alkaline  potassium  tartrate) 
and  the  other  pale  blue  (copper  sulphate),  and  only  make  up  your 
Fehling  just  ifefore  the  lesson,  adding  a  little  of  the  blue  solution 
to  an  exactly  equal  amount  of  the  colourless,  and  only  making  up 
as  much  as  wUl  be  needed  for  the  lesson.  If  kept  mixed  for  more 
than  a  few  months  changes  occur  in  the  solution  and  the  test  may 
not  come  off. 

Lime-water  can  be  made  by  boiling  up  a  handful  of  lime  (calcium 
oxide)  with  distilled  water  for  15  minutes.  Then  allow  to  cool 
and  filter  off  the  liquid. 

Distilled  water. 

Nitric  acid  (spirits  of  nitre). 

Hydrochloric  acid  (spirits  of  salt). 

Ammonia. 

Benger's  Liquor  Pepticus  (if  second  digestive  experiment  performed). 
Section  XXVIII. 

HOUSEHOLD  THINGS  USED. 

2-lb.  jam  jars  and  potted  meat  jars. 
Enamel  or  glass  dish. 
Medicine  bottles. 
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Egg  cup. 

Scissors. 

Candles. 

Tapera. 

Lamp  wick. 

Methylated  spirit. 

Cleaned  photographic  plates  or  glass  squares., 

Clinical  thermometer. 

Washing  soda. 

Saltpetre. 

Sand. 

Lard. 

Suet. 

Starch. 

Flour,  rice,  tapioca. 
Sugar,  salt. 

White  of  egg,  lean  meat,  tea. 
Rabbit's  hind-legs. 
Rabbit's  brains. 

2  or  3  sheep's  hearts  and  lungs  and  windpipe. 
I  pint  fresh  blood  (sheep's  or  bullock's). 
Frog  or  toad  spawn,  tadpoles. 
Id.  worth  yeast. 

Teacupfuls  gin,  stout,  medicated  wine. 


SUMMARY  OF  SECTIONS 


Sections  I.-IV.  Study  of  simplest  processes  of  oxidation  leads 
up  to  oxidation  in  the  body,  and  is  the  easiest  road  to  some 
conception  of  chemical  change  .....  1-14 

Sections  V.-IX.  Examples  of  slow  combustion,  i.e.  oxidation 
without  light  or  sensible  heat  leads  to  the  idea  that  certain 
foods  can  also  be  oxidised  in  the  body  and  produce  the  energy 
it  requires ........  15-32 

Section  X.    Heat  a  form  of  energy        ....  33 

Sections  XI.-XIII.  Energy  for  muscular  movement  is  supplied 
by  oxidisable  food-stuffs,  but  such  movement  is  controlled 
by  the  protoplasm  of  the  brain  and  nervous  system ;  hence 
alcohol,  although  oxidisable,  inhibits  such  movements       .  40-52 

Sections  XIV.-XV.  How  food-stuffs  reach  those  parts  of  the 
body  where  they  are  needed,  since  some  of  them  will  not 
pass  through  the  digestive-tube  wall  ...  53-58 

Sections  XVI.-XXV.  Oxidation  as  a  source  of  energy  in 
relation  to  cell  protoplasm  and  its  growth  and  body-buUding 
powers.  Efl'ect  of  alcohol  on  cell  growth.  The  ceU  as  a 
producer  of  ferments  which  can  render  the  insoluble  foods 
soluble  and  able  to  pass  through  digestive-tube  wall  .  59-95 

Sections  XXVI.  -  XXVIII.  Nitrogen  -  containing  foods  or 
protoplasm  builders  and  the  ferments  connected  with  their 
digestion.    Action  of  alcohol  on  digestion     .         ,  .  96-107 
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TAaE 

Sections  XXIX.  -  XXXI.    Compaiisoii  of  alcohol  and  true 

foods.    Tea  as  a  beverage       ....  108-117 

Sections  XXXII.-XXXIV.  (.4).    Circulation    How  the  blood 

reaches  every  part  of  the  body  .         .         .  118-130 

Sections  XXXV.-XXXIX,  Different  constituents  of  blood 
and  their  functions,  and  the  effect  of  alcohol  upon  them  and 
upon  the  muscle  of  the  heart   .         .         .         .  137-152 

Section  XL.  The  nervous  system  and  the  deadly  efiects  of 
alcoliol  upon  it.  (This  can  only  be  understood  through  the 
work  done  on  protoplasm  in  Sections  XI.-XXIV.)  .         .  153 


Section  XLT.    Alcohol  a  deceiver  . 
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SECTION  I 


Aim. — -To  discover  what  are  some  of  the  conditions  necessary  for 
the  burning  of  a  candle,  viz.  (1)  the  raising  of  the. temperature  of  the 
fat ;  (2)  the  presence  of  oxygen. 

Requieembnts. — Two  2-lb.  glass  jam  jars.  1  good-sized  enamel  or 
glass  dish.  2  egg-cups  with  inch-long  bits  of  candle  stuck  to  their  bases. 
Bent  glass  tube  fVrinch  bore.  Jug  of  water.  Matches.  Taper.  2  tin 
coSee  lids.  Spirit-lamp.  1  jam  jar  with  paper  scale  divided  into  five 
parts  attached,  5  mark  to  come  to  base,  0  mark  to  be  below  level  of  dish 
when  jar  inverted,  as  in  figure. 

(Light  the  spirit-lamp.)  What  do  you  see  ?  What  do  you 
feel  ?    What  is  burning  ? 

(Light  the  piece  of  dry  wick.)  What  happens  ? — It  chars, 
or  burns  away  quickly. 

(Compare  wick  in  lamp.)  What  is  in  lamp  ? — There  is 
Kquid — methylated  spirit. 

Will  it  burn  ? 

(Pour  few  drops  into  saucer  and  light.)  Why  don't  we 
burn  it  so  ? — It  woidd  be  dangerous  and  wasteful.  So  we  put 
the  wick  into  the  spirit,  it  soaks  up  the  fine  tubes  in  the  wick, 
and  burns  away  at  top,  while  more  slowly  passes  up. 

What  burns  in  the  spirit  lamp  ? — Spirit. 

(Describe  this  candle.)    It  is  wick  enclosed  in  soHd  fat. 

What  were  candles  made  of  in  past  times  ? — Tallow  or 
mutton  fat.  Usually  paraffin  fat  is  used  now,  but  it  acts  just 
like  animal  fat. 

(Light  the  candle.)  What  happens  ? — The  fat  melts  and 
runs  up  the  wick.    Like  what  ? — Like  the  spirit  in  the  lamp. 

What  happens  when  the  candle  fat  burns  ? — You  see  hght 
and  feel  heat. 

If  you  burnt  the  fat  in  your  body  it  could  also  give  light  and 
heat. 
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LESSONS  AND  EXPERIMENTS  sect. 


What  is  wanted  before  the  candle  will  burn  ?— (1)  Fat; 
(2)  wick  ;  (3)  heat  from  a  match  flame. 

Why  don't  you  have  to  go  on  holding  this  flame  to  the  fat 
to  make  it  burn  ?— The  flame  makes  a  httle  fat  hot  enough  to 
burn,  and  this  in  burning  makes  some  more  hot  enough  to 

begin.  ,    i    ,  i  ^^ 

Do  you  know  any  other  things  which  don  t  bm^n  usually 
because  they  are  not  hot  enough,  but  burn  aU  up  if  you  make 
a  piece  of  them  hotter  ?— Yes.    Paper,  wood,  coals,  as  m  hre. 

Why  do  they  go  on  burning  when  the  match  flame  is 
remoyed  ?— Because  their  own  burning  makes  enough  heat  for 
next  bits  to  burn. 

Is  anything  else  wanted  in  order  to  make  the  candle  burn 
besides  fat,  wick,  and  heat  of  match  ? 

If  you  burn  the  candle  in  a  closed  jar  and  then  m  an  open  ]ar 
will  there  be  any  difl'erence  ?  (Collect  guesses  from  chfldxen.) 
We  will  do  an  experiment  to  find  out.  (Let  the  children 
suggest  how,  and  two  of  their  number  do  the  experiment  a^s 
follows  :  Set  up  two  wide-mouthed  2-lb.  ]am  ]ars  with  an  mch 
of  candle  at  bottom  of  each  ;  Ught  both  candles  at  once  and 
cover  one  iar  with  a  square  of  cardboard.)     ,  .     „  ■,  „^ 

Why  did  the  candle  go  out  in  the  closed  ]ar  ^— Olnldren 
will  guess.    It  had  used  up  the  air.  ,^  ^  i -u 

That  is  only  a  guess.  How  can  we  find  out  ?  (Get  children 
to  suggest  and  get  experiment  set  up  as  follows  :) 
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M  put  2  inches  water  in  2-lb.  jam  pot  Turn  an  egg-cup 
upsi^;  down  in  it,  having  stuck  an  inch  of  candle  on  its  base. 

"-''n  tVret;ter  in  dish  D,  two  coffee  tin  Uds  L,  inverted 
egg  cu^tith  candle  standing  on  one  hd.  Invert  jam  jar  over 
candle  with  its  edges  resting  on  tm  hds. 
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Is  the  water  in  tlie  jar  at  the  same  level  as  outside  ?  Why 
not  ? — The  air  in  jar  won't  let  the  water  rise. 

Push  wide  glass  tube  T  under  the  jar  so  that  both  ends  are 
above  water  (see  Fig.  1). 

What  happens  ? — The  water  rises  in  the  jar  to  the  same 
level  as  outside. 

Why  ? — Some  air  has  escaped  out  of  T. 

Add  water  to  the  dish  till  the  level  inside  and  out  is  just 
at  mark  0  on  the  scale. 

If  I  suck  the  air  out  at  T,  what  happens  to  the  level  of  the 
water  ? — It  rises. 

When  I  move  my  mouth  from  T,  what  happens  ? — The 
level  falls  again  to  0.  Why  ? — Because  the  air  has  rushed  in 
at  T  again  and  pressed  the  water  down.  If  I  put  my  thumb 
over  T,  the  air  cannot  get  out  or  in. 

Remove  the  jam  jar,  not  allowing  any  water  to  get  into 
the  tube  T.  Why  not  ? — The  water  will  seal  up  T  so  that 
the  air  in  the  jar  no  longer  communicates  with  the  air  outside. 

(Light  the  candle.)  Carefully  replace  the  jar  exactly  as 
before.  The  water  will  rise  inside  at  once  to  0,  and  that  instant. 
I  close  the  outer  end  of  T  with  my  thumb. 

Watch  !  ^VTiat  happens  ? — There  is  dew  on  the  glass. 
There  is  soot  on  the  glass.  The  candle  flame  dies  out.  The 
water  rushes  up  into  the  jar. 

0,  come  out  and  tell  the  others  how  high  it  has  risen. — 
Nearly  to  mark  1. 

How  much  air  has  gone  then  ? — Nearly  ith. 

[N.B. — Candle  in  burning  thus  always  goes  out  before  it  has 
used  up  aU  the  oxygen,  which  is  -l-th  of  the  total  air  present.) 

What  has  happened  to  the  candle  in  A  ? — It  went  on 
burning. 

Results. — -The  candle  in  A  (open)  went  on  burning.  The 
candle  in  B  (closed)  soon  went  out,  and  the  water  rose  in  the 
jar.    Dew  formed  on  the  jar  at  first. 

Why  did  the  water  rise  ? — Something  must  have  gone  out 
of  the  jar,  and  the  water  came  in  to  take  its  place. 

What  was  in  the  jar  ? — Air.  Part  of  this  air  has  joined 
with  the  fat  and  its  place  is  taken  by  the  water.  There  is  other 
gas  in  the  air  which  won't  join  with  the  fat,  so  it  remains  in 
the  jar. 
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Why  did  B  candle  go  out  ? — It  had  used  up  most  of  the 
air  which  is  good  for  burning.  Burning  is  the  union  of  fat 
with  that  part  of  the  air. 

The  part  of  the  air  which  joins  with  fat  is  called  oxygen. 
The  part  of  the  air  which  won't  join  with  fat  is  called  nitrogen. 

Which  gas  did  the  fat  use  up  in  burning  ? — Oxygen.  Was 
there  as  much  oxygen  gas  as  nitrogen  in  the  jar  ?  How  can 
you  tell  ? — The  water  would  rise  half-way  if  oxygen  =  nitrogen. 

Did  it  ? 

N,  come  out  and  see.    Do  experiment  again. 
Ayater  rises  to  between  marks  0  and  1.  Apparently  there  is 
nearly  four  times  as  much  nitrogen  as  oxygen. 

Summary. — Air  contains  two  gases — oxygen  and  nitrogen. 
The  oxygen  is  about  1  part  to  4  parts  of  nitrogen. 

Fat  in  burning  takes  oxygen  out  of  the  a;ir ;  when  all  the 
oxygen  is  used  the  fat  can  no  longer  burn. 

Children  draw  figure  to  illustrate  the  experiment  done. 


SECTION  II 


Aim. — To  discover  (1)  that  magnesium  in  burning  requires  oxygen 
just  as  candle-fat  does  ;  (2)  that  the  white  powder  formed  when  mag- 
nesium burns  is  a  compound  of  magnesium  with  oxygen. 

REQtrrBEMENTS. — 8  inches  magnesium  ribbon.  Matches.  Glass 
tube  3  inches.  2-rD  jam  jar  with  scale.  Bent  glass  tube  |"  bore. 
2  coffee  tin  Hds.  Dish.  Balance.  2  evaporating  dishes.  Sand.  Bunsen 
burner  flame.  (N.B. — If  no  gas  is  available  and  the  magnesium  ignition 
and  weighing  cannot  be  carried  out,  children  must  have  method  and 
result  explained.) 

Look  at  figure  drawn  last  lesson ;  think  over  what  we 
found  out  for  two  minutes. 

What  two  gases  does  air  contain  ? — Oxygen  and  nitrogen. 

How  coidd  you  remove  oxygen  fi-om  a  lamp  chimney  ? — 
Cork  it  and  place  it  over  a  lighted  candle.  The  fat  then  burns 
out  all  the  oxygen. 

When  other  things  burn  do  they  use  up  oxygen  ?  Have 
you  ever  seen  magnesium  ribbon  burn  ? 

(Burn  2  inches,  poldng  one  end  up  a  glass  tube  to  serve  as 
holder.    Hold  over  brown  paper.) 

Was  there  as  much  light  as  with  the  candle  ? — More  light. 

What  is  left  ?— A  white  powder.  (Pass  brown  paper 
round  with  piece  of  magnesium  and  the  white  powder.) 

When  magnesium  burns  does  it  use  up  oxygen  ?  Can  you 
suggest  an  experiment  to  find  out  ? 

The  child  who  made  the  best  drawing  last  lesson  can  come 
out  and  do  this  experiment. 

Magnesium  ribbon  to  be  pushed  into  end  of  T  inside  jar ; 
jar  on  coffee  lids.  Tube  T  to  have  no  water  in  it.  Level  of 
water  to  be  at  0  inside  and  outside  jar. 

Eemove  the  jar.  Set  Hght  to  the  magnesium.  Eeplace 
the  jar  very  quickly,  and  put  your  thumb  over  T. 

What   happens  ?— The    magnesium    burns.    The  white 
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powder  falls  on  the  water.  The  water  rushes  into  the  jar,  and 
when  cool  stands  between  0  and  1. 

Did  you  see  any  wet  or  soot  on  the  jar  ? — No. 

Magnesium  when  it  burns  is  like  fat  and  joins  with  oxygen 
of  air,  and  removes  it  from  the  jar,  so  that  the  water  nearly 
fills  the  ^  of  jar  which  oxygen  formerly  filled. 

Can  you  suggest  what  the  white  powder  is  ? — It  is  the 
magnesium  and  oxygen  joined  together.  A  gas  you  can't 
see  and  a  silvery  soHd  when  joined  give  you  this  white  powder. 

On  Board :  magnesium  +  oxygen  =  magnesium  oxide. 

If  true,  and  we  weigh  the  magnesium  before  burning  and 


Fig.  2. 


collect  aU  the  white  powder  and  weigh  it  after  burning,  which 
will  be  the  heaviest  ? — The  white  powder,  since  it  is  magnesium 
+  oxygen.    (Children  to  suggest  just  how  to  do  this.) 

C,  come  out  and  do  exactly  what  we  tell_  you  ;  others 
watch  and  write  down  how  we  answer  the  question. 

Does  the  white  powder  weigh  more  than  the  magnesium  ? 

On  one  scale-pan  of  the  balance  place  one  crucible  with 
lid  containing  loosely  coiled  magnesium  ribbon,  and  in  the 
other  scale-pan  place  sand  to  counterbalance  it  exactly. 

Eemove  crucible  with  magnesium  and  hd  and  heat  over  a 
Bunsen  flame  with  the  hd  on.  Leave  to  cool,  remove  lid, 
admitting  more  air.  Let  children  see  that  some  of  the  ribbon 
is  a  white  powder  now. — Why  do  we  put  the  hd  on  before 
heating  ?— To  prevent  the  white  powder  escaping.  Replace 
the  hd  and  heat  till  practically  all  the  magnesium  has  gone 
white  and  powdery.  Allow  to  cool.  Stand  crucible  back 
on  its  pan.    Which  is  now  the  heaviest  ? 

So  white  substance  in  the  crucible  is  heavier  than  the 
magnesium  put  in.  Why  1— Magnesium  has  joined  with  the 
oxygen  of  the  air. 


SECTION  III 


Aim. — (1)  To  discover  that  the  oxide  formed  when  candle-fat  burns 
in  air  is  a  gas  ;  (2)  to  discuss  how  carbon  might  be  made  to  burn  in  some 
way  that  will  show  what  kind  of  oxide  it  forms. 

Requirements. — 2  candles.  2  jam  jars  with  cardboard  hds.  Water. 
Hard  glass  tubing.  4  test-tubes.  Lime-water.  Litmus  solution- 
String.    Scissors.    Carbon.    Matches.  Blotting-paper. 

What  was  formed  when  magnesium  was  burnt  in  air  ? — A 
white  powder ;  we  call  it  magnesium  oxide.  Why^  do  you 
think  ? 

When  a  candle  was  burnt  in  air;  what  was  formed  ? — We 
did  not  see  anything^  but  we  know  oxygen  of  air  was  used  up 
and  the  fat  of  the  candle  disappeared.  An  "  oxide  "  must 
have  been  made  by  the  union  of  fat  and  oxygen.  Why  cannot 
we  see  this  oxide  ? — Can't  see  air,  or  the  gas  that  balloons 
are  filled  with  (hydrogen). 

Perhaps  the  oxide  made  when  a  candle  burns  is  a  gas  like 
these.  If  so,  why  did  the  water  rise  in  the  jar  ?  Should  not 
any  gas  formed  take  the  place  of  the  oxygen  ?  How  could  it 
disappear  ?  How  does  sugar  disappear  when  water  is  added 
to  it  ? 

If  the  gas  formed  is  soluble  in  water  it  will  dissolve  as  it  is 
formed,  and  occupy  no  space.  How  can  you  tell  if  this 
happens  1 — The  water  will  be  changed  perhaps,  and  may  have 
some  properties  of  the  gas,  just  as  sugar  makes  water  sweet. 

If  a  gas  is  formed  when  the  candle  burns  in  air  it  will 
perhaps  have  dissolved  in  water  and  changed  it. 

This  is  an  experiment  to  show  you  that  it  has  done  so.  We 
will  add  something  to  the  jar  in  which  the  candle  burns  which 
can  be  changed  by  the  gas. 

Here  I  have  a  test-tube  £ths  full  of  a  blue-coloured  liquid 
we  call  litmus  solution. 
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Here  is  another;^  fths  full  of  clear  lime-water  solution. 

The  one  is  just  litmus  and  the  other  Hme  dissolved  in  water. 

M  and  N  come  out  and  do  an  experiment. 

M  will  pour  the  lime-water  into  jar  M. 

N  will  pour  the  Htmus-water  into  jar  N. 

What  shall  they  do  next  ? — Put  piece  of  candle  in  each  jar 
with  string  on  bent  wire  to  pull  it  out  by.  Light  it  and  place 
in  the  jar. 

{N.B. — Be  sure  first  of  all  that  the  candles  burn  properly, 
and  don't  let  them  be  rolled  in  the  Uquid  when  placing  them 
in  the  jars.) 
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They  burn  up  brightly.  What  are  they  using  ? — Oxygen 
from  the  air. 

Put  a  cardboard  lid  over  each,  and  hold  it  down.  What 
happens  ? — After  a  minute  the  candle  goes  out.  Why  ? — It 
has  used  up  nearly  all  the  oxygen. 

Now  two  others,  0  and  F,  come  out  and  finish  the 
experiment. 

Pull  the  candle  out  of  each  jar,  closing  it  with  the  card- 
board at  once.  Shake  the  Htmus  and  lime-water  so  that  they 
roll  all  round  the  sides  of  the  jar.    Do  you  see  any  change  ? 

Compare  with  these  other  two  test-tubes,  one  with  litmus 
and  the  other  lime-water,  such  as  we  started  with.  Pour  the 
litmus  and  lime-water  back  from  their  jars  into  their  test-tubes. 
Hold  the  litmus  against  white  paper,  the  lime-water  up  against 
the  light. 

G  and  F  take  them  round  so  that  every  one  sees. 
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Eesult  to  be  written  down  by  every  one.  Then  A  tell  me 
-what  has  happened  to  the  Hme-water. — It  has  turned  milky. 

Any  one,  anything  else  ?  What  has  happened  to  the 
litmus  1 — It  has  turned  from  blue  to  purpUsh  pink. 

What  sort  of  gas  is  made  when  candle-fat  burns  in  air  1 — A 
gas  which  (1)  dissolves  in  water ;  (2)  turns  litmus  from  blue 
to  pink  ;  (3)  turns  clear  lime-water  milky. 

What  else  do  you  know  that  burns  in  air  ? — Paper,  wood, 
coal. 

Ordinary  coal  contains  some  sulphur  and  other  things 
mixed  with  it,  but  the  greater  part  of  it — the  part  that  is 
black — is  carbon. 

Here  is  some  pure  carbon.  Will  it  bm-n  ?  And  if  it  does, 
what  sort  of  oxide  will  it  form  ?  So  far  we  have  got  by 
burnkig,  (1)  candle-fat  oxide,  a  gas,  and  (2)  magnesium  oxide, 
a  white  soKd. 

What  might  you  expect  with  carbon  ? — It's  quite  a  difierent- 
looking  body,  and  you  will  expect  a  quite  different  oxide, 
which  we  wotild  call  carbon  dioxide. 

How  shall  we  get  the  carbon  to  burn  or  oxidise,  i.e.  unite 
with  oxygen  ? — -It  does  it  in  the  grate,  of  course. 

Why  do  we  use  match,  paper,  and  wood  before  we  finally 
get  the  coal  to  unite  with  the  oxygen  and  so  "  burn  "  ?  What 
do  you  do  with  the  match  1 — We  rub  it  on  a  rough  surface. 

What  does  that  do  ? — It  makes  the  phosphorus  on  the 
end  warmer,  and  phosphorus,  when  it  is  a  httle  warmer  than 
our  air  usually  is,  catches  fire,  i.e.  burns. 

What  is  the  phosphorus  doing,  do  you  think,  when  it  burns  ? 
— Uniting  with  oxygen.    Making  an  oxide. 

But  while  it  burns  it  gives  out  far  more  heat.  How  do  we 
use  that  heat  when  we  want  a  fire  ? — By  raising  the  tempera- 
ture of  the  paper,  i.e.  making  the  paper  hotter. 

Then  what  happens  ? — The  paper  burns. 

Which  burns  at  the  lower  temperature — the  match-head  or 
the  paper  ? — The  match-head,  phosphorus. 

Can  you  get  paper  to  burn  by  rubbing  on  a  rough  surface  ? 

(Every  child  have  a  piece  of  blotting-paper  and  rub  on  the 
rough  surface  on  which  match  struck.  Compare  with  similar 
piece  not  rubbed.    Pieces  rubbed  are  quite  warm.) 

Are  they  warm  enough  to  begin  to  burn  ? — No.  But  that 
amoimt  of  heat  is  enough  to  start  the  phosphorus  burning. 
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When  the  phosphorus  begins  to  burn,  does  it  get  hotter 
than  before  ? — Yes,  and  now  so  much  hotter  that  it  raises 
temperature  of  paper  enough  to  make  it  able  to  burn. 

Then  what  happens  in  our  grate  The  burning  paper 
gives  out  enough  heat  to  warm  the  wood  up  to  the  temperatm'e 
at  which  it  can  burn. 

Wood  and  paper  are  really  made  of  much  the  same  material. 
It  is  as  though  you  had  taken  many  layers  of  paper  and 
pressed  them  all  together  very  tightly  to  make  your  wood. 

Why  should  the  wood,  then,  want  more  heat  to  make  it 
burn  ?  Besides  a  certain  temperatm-e,  what  does  any  body 
want 'before  it  will  burn  ?  (Remember  candle  m  closed  jar, 
magnesium  in  closed  evaporating  dish.)— Plenty  of  oxygen. 
With  the  ivood  only  the  outer  surface  is  reached  by  the  oxygen. 
Only  a  few  particles  on  the  outside  of  the  wood  are  made  hot 
enough  by  a  match  flame  to  burn  or  char,  and  the  heat  from 
them  is  not  enough  to  make  the  next  particles  catch  fire. 
Paper  has  much  more  surface  for  its  thickness  than  the  wood  ; 
a  large  number  of  particles  of  the  paper- can  be  oxidised  and 
burn  at  once,  giving  out  much  heat  all  at  once. 

What  happens  if  you  roll  paper  up  into  a  tight  ball  and  hold 
a  hghted  match  to  it  Burns  on  outside  only.  Why  ?— Air 
doesn't  get  to  inside  ;  but  if  you  drop  the  same  baU  mto  middle 
of  a  hot  fire  it  does  burn  up,  because  the  outer  layer  oxidises 
very  quickly  and  completely  and  doesn't  leave  a  protectmg 
layer  of  black  carbon  on  outside. 

So  what  are  the  two  things  needed  for  any  substance  to 
burn  ?— (1)  Oxygen  ;  (2)  a  certain  temperature  or  hotness. 

Is  this  temperature  the  same  for  match -head,  candle, 

wood,  etc.  ? — No. 

Why  can  we  use  a  match  flame  to  hght  paper  Jiecause 
heat  given  out  by  the  flame  raises  temperatm-e  of  paper  to 
that  at  which  it  can  burn.  ,  ■  ^' 

To  come  back  to  the  carbon,  what  two  thmgs  must  we 
give  it  to  make  it  burn  ?— (1)  Plenty  of  oxygen  ;  (2)  raise 
Its  temperature  "  to  that  of  a  hot  fire  (or  make  it  as.  hot  as  a 
hot  fia:e). 

Think  over  how  we  shall  do  this  next  time. 


SECTION  IV 


Aim. — To  discover  that  the  gas  formed  when  carbon  burns  is  the  same 
as  that  formed  when  candle-fat  burns. 

REQtriEEMENTS. — Spirit-lamp.  Blowpipe.  Test-tubes  of  litmus  solu- 
tion and  of  lime-water.  4  inches  rubber  tubing.  Bent  glass  tube 
arms  =  2  inches,  diameter  j'V  of  an  inch.  2  bent  glass  tubes ;  long 
arm  to  reach  nearly  to  bottom  test-tube.  CUp.  Carbon.  Copper 
oxide.  If  Bunsen  flame  used,  hard  glass  tubing  must  be  used.  Dish  of 
lime-water. 

Last  lesson  we  discussed  what  was  needed  to  make  ttis 
carbon  burn.    Write  down  what  we  decided. 

How  shall  we  get  (1)  plenty  of  oxygen  mixed  up  with  the 
carbon  ;  (2)  heat  of  a  hot  coal  fire  ?  Also  (3)  we  want  to  be 
able  to  collect  the  carbon  dioxide  which  we  expect  to  have 
formed. 

How  shaU  we  get  the  heat  ? — By  a  spirit-lamp  flame.  But 
this  is  not  very  hot.  Suppose  I  blow  into  the  middle  of  it 
with  this  blowpipe  ;  what  am  I  getting  into  middle  of  flame  ? — 
More  oxygen.  WUl  that  make  it  hotter  ? — Yes  ;  particles 
which  are  in  the  middle  can't  get  much  oxygen,  so  they  don't 
burn  so  quickly.  The  more  particles  there  are  burning  at 
once,  the  more  heat. 

{N.B. — If  you  have  a  Bunsen,  use  it  here  and  explain  its 
working,  only  then  quite  the  hardest  glass  tubing  must  be 
used  for  the  experiment  later  on,  or  will  melt.) 

Even  using  a  blowpipe  to  oxidise  all  the  spirit  particles 
does  not  make  so  hot  a  flame  as  the  fire.    Still  we  will  try. 

(Heat  some  carbon  in  a  test-tube  over  a  spirit-lamp  flame, 
using  the  blowpipe.)  It  does  not  burn  away,  or  change  like 
magnesium.  (It  will  smoulder.)  If  we  could  manage  to  give 
it  a  better  supply  of  oxygen,  perhaps  it  would  oxidise  even  at 
the  temperature  we  can  get  with  a  spirit-lamp  and  blowpipe. 

11 


12 


LESSONS  AND  EXPERIMENTS  sect. 


I  will  show  you  how  we  can  give  the  carbon  more  oxygen  than 
the  i  part  that  is  in  the  test-tube. 

Here  I  have  an  oxide  of  copper.  What  is  it  like  ? — A 
black  powder.  If  I  call  it  oxide  of  copper,  what  is  it  made 
of,  do  you  think  ? — Copper  and  oxygen. 

If  I  mix  a  Httle  copper  oxide  and  carbon  together,  what 
three  things  shall  I  have  all  close  together  ? — Copper,  oxygen, 
carbon. 

The  oxygen  is  nearer  the  carbon  than  if  I  heat  a  Httle  mass 
of  carbon  with  only  the  surface-layer  open  to  the  air,  but  the 
copper  is  holding  on  to  the  oxygen.  If  we  heat,  perhaps  the 
carbon  may  be  able  to  steal  the  oxygen  away  from  the  copper. 
If  so,  what  would  you  expect  the  copper  to  look  like  ? — 
Brownish-red  colour.  (Here  let  a  child  come  out  and  heat 
two  parts  of  copper  oxide  with  one  part  carbon  in  a  piece  of 
glass  tubing  bent  as  shown,  and  held  by  cHp  C.  Teacher  to 
use  blowpipe.    Others  write  down  what  is  done.) 

(After  two  or  three  minutes  allow  to  cool  and  pass  round. 
Let  each  write  down  what  is  seen.) 

Some  brownish-red  copper  has  appeared  on  the  glass. 
What  does  this  show  ? — Carbon  has  taken  away  some  oxygen 
from  the  copper  and  it  is  left  alone. 

But  we  also  want  to  find,  out  if  the  carbon  dioxide  which 
has  been  formed  (1)  is  a  gas  or  sohd  ;  (2)  makes  any  change 
in  htmus  ;  (3)  makes  any  change  in  hme-water ;  (4)  can 
you  see  anything  else  left  in  tube  which  might  be  carbon 
dioxide  ? 

I  arrange  it  hke  this  : 

Draw  on  Board.  What  do  you  think  is  here  at  A  ?— 
(Copper  dioxide  and  carbon  in  proportion  of  2-1.) 

What  is  in  test-tube  T  ?— (Lime-water ;  and  then  in  another 
Htmus.) 

What  will  happen  if  a  soHd  oxide  of  carbon  is  made  ?— 
(WiU  stop  at  A.) 

What  win  happen  if  a  gas,  carbon  oxide,  is  made  ^— (VViU 

be  pushed  over  into  T.) 

Why  a  cHp  at  C  ?— So  that  gas  can't  escape  into  aur. 

(Describe  what  she  does  while  the  child  who  has  answered 
best  comes  out  and  sets  up  the  experiment.)  ]\Iix  up  carbon 
and  copper  oxide  weU  ;  take  ofi  rubber  at  C,  and  push  the 
mixture  in  with  a  stili  bit  of  paper.    Put  on  rubber  and  chp. 
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Arrange  as  in  figure  with  long  arm  of  second  tube  dipping  into 

lime-water.  ,    -d  1,1,1 

I  will  'now  use  blowpipe.    What  do  you  see  J3ubbies 

of  gas  come  through  tube  in  T  and  pass  up  to  the  surface. 

Will  you  expect  the  first  bubbles  to  make  any  change  in  hme- 

water  1    Think.    What  are  they  ?— Just  air  which  is  bemg 

heated  and  so  made  to  move  over. 

(N.B.—To  teacher.— Be  careful  to  remove  end  of  dehvery- 

tube  b  out  of  hquid  in  test-tube  if  stop  heating,  or  air  in 


FlO.  4. 

deUvery-tube  cooling  contracts,  cold  liquid  is  drawn  up 
deUvery-tube,  and  running  down  upon  hot  glass,  at  A  cracks 
it.)  After  heating  strongly  what  do  you  see  ? — The  lime-water 
is  milky-  This  reminds  you  of  another  oxide.  Which  ? — 
The  candle-fat  oxide. 

What  else  did  that  oxide  do  ?— Turned  blue  Htmus  solution 
pinkish. 

Here  is  a  test-tube  nearly  full  of  blue  htmus.  What  shall 
I  do  with  it  ? — Put  the  dehvery-tube  into  it  instead  of  into 
Ume-water.  Better  put  in  a  clean  dehvery-tube,  because  we 
don't  want  to  add  drops  of  hme-water  as  well  as  the  gas  to 
the  litmus. 

{N.B. — Lime-water  turns  pink  htmus  blue.) 
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What  happens  ? — The  Htmus  turns  pink.  So  this  gas  from 
carbon  and  copper  oxide  has  done  the  same  things  as  the  gas 
fi'om  candle-fat^  and  it  is  in  fact  the  same  gas. 

(Stop  heating,  put  tube  to  cool.) 

(Children  describe  what  they  have  done  and  make  drawing. 
Pass  cooled  tube  round.)  After  all  have  seen  :  What  did  you 
notice  ? — Shining  copper  on  glass. 

Summary  on  board  to  be  worked  out  by  class  and  then 
copied. 

"  Carbon  when  it  takes  oxygen  from  copper  oxide  makes 
carbon  dioxide,  a  gas  which  turns  hme-water  milky  and  blue 
htmu^  pink.  It  is  the  same  gas  that  is  made  when  candle-fat 
is  oxidised." 

I  will  leave  a  flat  open  glass  dish  of  Kme-water  near  the 
coal  fire  till  next  lesson.    Can  you  think  what  may  happen  ? 
(^jg —Leave  enough  so  that  all  is  not  evaporated.) 


SECTION  V 


Ani. — To  discover  (1)  that  human  beings  breathe  out  carbon  oxide 
gas ;  (2)  that  magnesium  will  burn  in  it.  (Another  example  of  the 
decomposition  of  one  compound  by  the  action  of  another  substance 
comparable  to  copjjer  oxide  and  carbon.) 

Requirements. — PreUminary  to  V.  Preparation  of  jars  of  carbonic 
acid  gas.  The  children  need  not  see  the  teacher  prepare  this,  though 
it  makes  a  good  lesson  if  there  is  time. 


Fig.  5. 


Wanted. — Small  pieces  marble.  Spirits  of  Salt  (HCl).  Water. 
Thistle  funnel  or  filter.  Glass  tube  and  indiarubber  tubing.  3  jam 
jars  with  greased  glass  photo  plates  to  cover.  (Narrow  jars  better  than 
wide-mouthed  variety.)    Carbon  dioxide  preparation. 

About  1  oz.  of  small  pieces  of  marble  in  A,  water  added,  and  then  equal 
volume  of  hydrochloric  acid  (spirits  of  salt)  poured  down  thistle  funnel  T. 
Gas  given  off  will  collect  in  B,  and  by  holding  taper  to  mouth  of  B  wUl 
know  when  it  is  fidl,  since  taper  will  be  extinguished.  Then  cover  with 
a  greased  glass  plate  or  saucer.  Carbonic  acid  gas  is  heavier  than  air, 
and  so  can  be  collected  in  this  way.  Its  solubiUty  in  water  prevents 
rapid  collection  by  upward  displacement  over  water. 

4  test-tubes  f  full  lime-water.  4  test-tubes  f  fuU  blue  litmus  solution 
(blued  by  drop  of  lime-water).    2  jars  carbon  dioxide  gas  covered  with 
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greased  glass  plates.  3  cardlDoard  covers  with  glass  rods  pushed  through 
centre,  each  carrying  3  inches  coiled  magnesium  ribbon. 

What  lias  happened  to  the  Hme-water  we  left  near  fire  last 
lesson  ? — It  is  filmy  on  top.  Why  ? — Our  coal  in  burning  has 
been  oxidised  to  carbon  dioxide  which  has  passed  into  the 
lime-water  and  turned  it  milky. 

{N.B. — Milkiness  also  due  to  the  carbon  dioxide  breathed 
out.) 

WiU  anything  else  turn  lime-water  milky  ? 

Here  are  three  test-tubes  |  full  of  clear  lime-water.  Three 
children  in  the  middle  of  each  row  take  one  and  breathe  out 
into  i,t,  getting  all  the  breath  out  you  can.  Breathe  in  ordin- 
arily and  breathe  out  again  into  the  tube.  Do  this  for  five 
minutes.  Child  on  each  side  watch  lime-water  ;  others  write 
what  is  being  done.  Any  one  who  has  finished  a  good  account 
will  be  allowed  one  of  these  three  test-tubes  of  hme-water  or 
htmus  solution  to  breathe  into. 

What  is  result  ? — Lime-water  turns  milky. 

What  does  this  show  ? — We  breathe  out  at  any  rate  some 
carbon  dioxide  gas. 

We  think  that  carbon  dioxide  gas  is  made  of  carbon  and 
oxygen,  which  seems  strange,  for  carbon  is  a  black  sohd,  and 
when  it  is  joined  to  the  oxygen  it  becomes  invisible.  Here  I 
have  four  jars  ;  two  I  have  filled  with  the  carbon  dioxide  gas, 
two  with  air. 

Can  you  see  anything  in  either  ? — No.  How  can  you  tell 
which  one  contains  the  carbon  dioxide  ? — Add  lime-water  to 
one,  htmus  to  other. 

(Four  of  you  can  come  out  and  try.) 

How  can  you  prove  that  the  invisible  carbon  dioxide  contains 
carbon  ? — Can  only  see  the  carbon  ii  we  take  the  oxygen  away. 

If  you  heated  copper  and  put  it  in  jar  of  carbon  dioxide 
gas,  will  it  take  oxygen  away  ? — No.  We  saw  that  carbon 
takes  oxygen  from  copper. 

What  other  metal  easily  joins  with  oxygen  ?— Magnesium. 

If  we  make  magnesium  begin  to  burn  in  outside  air  first, 
will  it  go  on  burning  in  carbon  dioxide  gas  ? .  If  it  does,  what 
must  it  be  doing  ?— Steahng  the  oxygen  fi-om  the  carbon. 

Three  children  come  out  and  do  the  experiment.  (Keep 
finger  on  top  of  glass  tube  carrying  magnesium  if  not  sealed 
olio 
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Glass  rod 


Some  one  tell  these  three  children  what  to  do. 
"  Light  magnesium,  shde  away  greased  glass  plate,  and 
pimige  bm-ning  magnesium  into  jar  of  carbon  dioxide  gas, 
bringing  cardboard  cover  down  on 
top  of  jar." 

Result.  —  Magnesium    goes  on 

for  a  minute. 
(Three  girls  take  jars  round  class.) 
What  do  you  see  ? — Black  and  white 
powdery  material 

'      '  '  ?. 


burning 


What  is  white  powder 
nesium  oxide. 

What  is  black  powder  ?— 
What  has  happened  ?  ■ 


-Mag- 


Carbon. 
The 


Magnesiumbuming 
in  carbon  dioxide  gas 


Fig.  C. 


carbon  has  lost  oxygen,  which  has  joined  with  magnesium 
instead." 

So  proved  that  carbon  dioxide  gas  contains  carbon. 


SECTION  VI 


Aim. — (1)  Revision  of  carbon  dioxide  gas  ;  (2)  to  discover  that  suet 
an  ep;ample  of  animal  fat  yields  carbon  dioxide  gas  and  water  when 
oxidised. 

Requibements. — Jar  with  tablespoonful  lime-water.  Test-tube  j 
full  lime-water.  Lard  or  suet  or  animal  fat.  Evaporating  dish.  Spirit- 
lamp.  Copper  sulphate.  3  bent  glass  tubes.  Crumbled  fat.  Copper 
oxide.  Indiarubber  and  clip.  Test-tubes  of  lime-water  and  litmus 
solutions. 

Look  back  at  your  notes  of  last  lesson.  M,  read  what 
you  have  written. 

What  then  did  we  show  ? — That  colourless  carbon  dioxide 
gas  does  contain  carbon. 

How  have  we  obtained  carbon  dioxide  gas  ? — (1)  By 
heating  carbon  and  copper  oxide  ;  (2)  by  burning  coal  m 
grate  ;  (3)  by  breathing  out ;  (4)  by  burmng  candle  fat. 

"What  then  must  there  be  in  candle  fat  and  in  our  bodies  to 
make  this  carbon  dioxide  gas  ?— Carbon  and  oxygen. 

There  must  be  carbon  in  the  candle  and  oxygen  outside. 

There  must  be  carbon  in  the  body  and  oxygen  in  the  an- 

breathed  in.  ,     •  . 

Why  should  not  carbon  dioxide  breathed  out  be  ]ust  tlie 
carbon  dioxide  you  have  already  breathed  in,  for  all  air  contams 
a  little  carbon  dioxide  ?    (See  experiment  in  Section  }L) 

Obviously  much  more  is  breathed  out.  Let  one  child  shake 
up  a  few  thimblefuls  of  lime-water  in  an  open  jar  for  the  same 
time  that  another  breathes  into  and  shakes  up  a  test-tube 
fths  full.    The  latter  gets  milky  long  before  the  other  shows 

the  least  trace.  .        j    •    .  i 

This  then  shows  that  carbon  dioxide  gas  is  made  m  the 
body  and  that  therefore  carbon  is  present  m  some  part  or 
parts  of  it.  How  could  you  show  that  carbon  is  present  m 
the  fat  of  a  candle  ? 

18 
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Here  I  put  this  white  dish  into  the  centre  of  a  candle 
flame. 

What  do_  you  see  on  the  dish  ?  What  did  we  see  on  the 
bottom  of  jam  jar  when  we  inverted  it  over  the  burning 
candle  ? — Soot,  which  is  pure  carbon. 

Why  do  we  get  soot  in  the  flame  ? — Oxygen  does  not  get 
into  all  parts,  and  also  the  cold  sm-face  of  the  dish  makes  it  too 
cold  for  the  carbon  and  oxygen  to  join,  and  so  all  the  carbon 
there  is  not  oxidised  to  carbon  dioxide  gas. 

Why  can't  you  see  the  carbon  in  candle  fat  ? — Because  it 
is  joined  with  other  things. 

What  other  cases  have  we  had  where  joining  one  thing  to 
another  has  made  a  new  thing,  not  the  same  as  either  of  the 
two  things  which  we  joined  together  ? 

_  Magnesium  (a  silvery  metal)  joined  with  oxygen  (an  in- 
visible gas— which  means  a  gas  we  cannot  see)  and  formed  a 
white  solid. 

Carbon  (a  black  solid)  joined  with  oxygen  and  formed  an 
invisible  gas,  but  a  gas  different  from  oxygen. 

So  in  fat,  carbon  is  joined  with  something  else,  in  fact  two 
other  bodies,  and  makes  a  white  soHd.  [In  candles  not  made 
from  tallow  only  carbon  and  hydrogen  present,  no  oxygen.] 

One  of  the  bodies  is  oxygen  itself,  but  only  a  very  little,  not 
nearly  enough  to  oxidise  all  the  carbon. 

See  what  happens  if  we  heat  suet. 

(Piece  of  suet  size  of  a  small  bean  broken  up  in  evaporating 
dish.    Heated  with  spirit-lamp  flame.    Ditto  in  test-tube.) 
Two  girls  out  to  watch  and  report  to  class.    What  happens 
Fumes,  melts,  bubbles,  blackens,  and  smells. 

Can  we  find  out  what  is  coming  away  in  those  fumes  ? 

Hold  a  cold  glass  surface  over  the  dish. 

Film  over  the  surface.  Rub  with  a  clean  white  sheet  of 
paper. 

What  do  you  get  (holding  sheet  up  for  class  to  see)  ?— A 
grease  spot. 

What  has  come  away  in  those  fumes  ?— Some  of  the  fat 
unchanged. 

{N.B.-~If  children  suggest  tvater,  test  for  it  by  drop])iug 
white  copper  sulphate  on  the  glass,  as  it  cools  there  may  be  a 
trace  of  water.)  What  else  has  happened  ?-Some  carbon, 
tlie  black  part,  has  been  extracted  fi-om  the  fat,  because  other 
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substances  have  been  broken  away  from  the  fat,  leavmg  it 
behind.  When  did  we  get  carbon  left  behind  before  ? — When 
we  took  oxygen  from  carbon  dioxide  gas  with  magnesium.  But 
as  we  are  heating  in  air,  why  doesn't  the  carbon  take  up 
oxygen  ?  Eemember  we  had  to  give  it  plenty  of  oxygen  and 
much  heat  when  we  wanted  it  to  oxidise.  (Sections  III.  and  IV.) 
Possibly  other  substances  in  fat  have  been  oxidised,  but  some 
carbon  has  not  been  able  to  get  hold  of  any  oxygen  and  so  is 
seen  as  black  carbon.  How  do  you  know  it  is  carbon  ? — Only 
because  I  tell  you  so,  but  if  we  had  time  and  materials  we 
could  prove  it. 

Can  we  get  suet  to  oxidise  and  give  ofi  carbon  dioxide  gas  ? 
How  shall  we  try  ? 
We  want — • 

(1)  To  provide  plenty  of  oxygen. 

(2)  To  raise  the  temperature. 

(3)  To  pass  any  gas  into  the  lime-water. 
(Arrange  as  in  experiment  of  oxidation  of  carbon,  rubbing 

up  the  suet  with  copper  oxide.) 

What  happens  ? — Gas  comes  ofi,  turns  lime-water  mUky 
and  blue  litmus  pink.  There  is  a  deposit  of  copper  on  the 
tube. 

(Before  this  lesson  take  some  quite  small  crystals  of  copper 
sulphate  and  heat  in  test-tube  xintil  they  lose  water  and  turn 
white.) 

We  want  to  show  that  something  else  besides  carbon  dioxide 
gas  is  made,  viz.  water  when  fat  is  oxidised  ;  just  as  we  have  to 
test  for  carbon  dioxide  with  lime-water,  so  must  test  for  water 
by  something  it  does  that  nothing  else  can  do. 

Here  is  a  white  solid  in  this  test-tube.  (Some  of  the  white 
crystals  of  copper  sulphate.) 

M,  come  out  and  drop  some  water  (a  drop)  on  the  white 
solid. 

(Pass  test-tube  round  in  silence  and  every  one  write  down 
what  water  has  done  to  the  white  solid.) 

What  have  you  written  ?— "  Water  has  turned  the  white 

solid  blue."  i  •  i  j 

Does  every  one  else  agree  ?— It  is  the  only  liquid  which  does 

this.  1      f  • 

How  shall  I  use  this  white  solid  to  show  that  when  fat  is 

oxidised  water  comes  off  ? 
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White  Copper  sulphate 

T 


Fat  &  copper  oxide 


riG.  7. 


I  have  a  bent  glass  tube  here  with  white  solid  at  one  end. 
Attach  as  in  figure  at  T  ru  place  of  delivery  tube  to  lime- 
water. 

Children  all  describe  :    "  How  we  show  that  fat  when 
oxidised  gives  off  carbon  dioxide 
and  water."    Cool  the  tube,  q-£ 
pass  round. 

What  is  fat,  then  ? — Fat  iu 
your  own  body  or  fats  from 
other  animals'  bodies  are  much 
the  same. 

(Part  in  brackets  to  be  left 
•  out  if  children  too  young.  See 
Preface.) 

*(If  you  could  take  a  particle 
of  fat  the  size  of  this  dot  on 
board  and  break  it  up  into  tinier 
and  tinier  bits,  much,  much 
smaller  than  the  smallest  you 
can  see,  you  would  come  at  last 
to  the  smallest  divisions  of  all,  and  would  have  broken  up  the 
particle  of  fat  into  parts  which  we  call  molecules.  In  a  piece 
of  fat  the  size  of  a  pin  point  there  would  be  millions  of  these 
molecules  all  exactly  same  size  and  each  made  up  of  exactly 
same  parts.  Many  parts  carbon,  6  parts  oxygen,  and  many 
parts  of  a  third  body  we  will  call  "  E")  * 

We  will  put  an  m  after  the  H  to  mean 
many  of  them  and  an  n  after  the  C  to  mean 
a  number  of  them.  What  shall  we  put 
after  the  0  ?— A  6. 

Suppose  you  had  millions  of  molecules 
like  this  all  side  by  side  on  pin  point,  that 
would  be  fat. 

What  happens  when  oxidation  begins  ? 
— The  separate  molectdes  themselves  are  broken  up. 
Make  a  picture  of  it  on  board. 

(For  teacher  only  :  A  typical  fat  would  be  CsiH^gO,;.) 

We  will  put  in  C's  for  carbon,  O's  for  oxygen,  H's  for  the 
third  body  ;  mustn't  put  in  more  than  6  O's. 

It  won't  show  all  O's  in  this  view  ;  some  behind  with  others 
of  the  C's  and  H's.    Really  aU  C's,  H's,  and  O's  are  definitely 


Fig.  8. 
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placed  witli  regard  to  each  other.  We  will  not  bother  as  to 
that. 

Then  all  round  outside  such  a  molecule  we  suppose  we  have 
oxygen  in  the  copper  oxide. 

Then  the  carbons  unite  with  some  of  the  0  of  the  copper 


Copper  ^^Copper 
Copper-Q  O 

u'       C  \0 

C  CO 
C  0 

0   c     H     c  c 


Copper— Q 


Copper-O^Q  ^  0 
Copper 


Copper 


Copper 


Q— Copper 

O—  Copper 


Pig.  9.- 


-One  view  of  a  Molecule  of  Tat  with  Copper  Oxide  Molecules 
all  round  it. 


oxide  and  go  off ;  the  H's  with  some  of  the  0  and  go  off  as 
water  ;  and  copper  is  left  alone.  Some  of  the  carbon  will 
very  likely  not  get  hold  of  any  oxygen  and  will  be  left  alone 

as  soot. 

Did  yoi;  notice  the  smell  when  we 
were  oxidising  the  fat  ? 

If  there  are  some  carbons  and 
hydrogens  and  not  enough  oxygen  to 
make  them  into  carbon  dioxide  and 
water,  they  will  be  left  together  and 
make  another  substance  which  gives 
the  nasty  smell. 

If  enough  oxygen  is  present  and 
the  fat  is  heated  sufficiently,  we  get 
only  carbon  dioxide  gas  and  water. 

Summary. — Fats,  including  human  fat,  can  be  oxidised 
when  strongly  heated  with  copper  oxide,  and  then  give  carbon 
dioxide  and  water. 

rC5iH,806  +  1450  =  51C02  +  49H,0.  1 

L       Fat      +Oxygen  =Carbondioxide+Water.  J 


Fig.  10. 
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Am, — To  discover  that  slow  oxidation  occurs  at  ordinary  tempera- 
tures outside  the  animal  body. 

Requirements. — 4  test-tubes.  2  dishes  of  water  with  cardboard 
lids.  2  glass  rods  same  length  as  test-tubes.  2  lengths  of  2  in.  of 
magnesium  ribbon.  2  corlis  for  test-tubes.  Iron  filings.  Muslin. 
String.    4  coffee  tin  lids. 

Leave  out  part  between  asterisks  if  necessary  as  in  VI. 

*  (What  are  molecules  of  fat  ? — The  very  smallest  parts  into 
which  fat  can  be  broken  up,  and  yet  still  be  fat.  All  the 
molecules  are  the  same  size  and  exactly  alike. 

What  is  each  molecule  made  up  of  ? — A  large  amount  of 
carbon  and  another  body  H  and  a  little,  very  little  oxygen. 

If  you  oxidise  by  heating  with  copper  oxide,  what  happens  ? 
— Each  fat  molecule  is  broken  up  ;  some  carbon  joias  with 
the  oxygen  and  goes  ofi  as  carbon  dioxide  gas  :  some  goes 
off  with  the  H  and  forms  H  oxide,  or  water  ;  and  some  carbons 
and  H's  can't  get  hold  of  enough  oxygen  and  so  remain  together 
and  make  with  the  little  oxygen  they  do  get  hold  of,  a  nasty 
smelliug  stuff.)  * 

What  do  you  get  when  a  fat  is  oxidised  ? — Carbon  dioxide 
gas  and  water. 

How  else  have  we  formed  carbon  dioxide  ? — By  breathing 
out. 

Do  we  also  form  water  by  breathiug  ? 

Breathe  on  (1)  mirror  ;  (2)  white  copper  sulphate. 

We  certainly  breathe  out  water. 

Have  we  any  fat  in  our  bodies  ? — Yes. 

Do  we  eat  fat  ? — Yes. 

How  then  may  we  make  the  carbon  dioxide  gas  and  water 
we  breathe  out  ? — By  oxidising  fat  in  the  body. 

But  our  bodies  are  not  as  hot  as  spirit-lamp  flame,  and  can 
anything  be  oxidised  without  heat  ? 
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Let  us  try  with  the  magnesium  we  oxidised  by  burning. 
N  and  M  come  out  and  do  experiments  for  us.  Others 
watch  and  criticise.    I  want  you  to  arrange  to  try  if  magnesium 
will  oxidise  when  just  left  in  air,  but  some  magnesium  is  to  be 
dry  and  some  damp. 

Take  two  lengths  (2  in.)  of  quite  bright  magnesium  ribbon 
and  two  test-tubes.  Dry  one  very  completely  by  passing 
through  the  flame,  put  one  length  of  magnesium  in  it  and  cork. 

Take  the  other  test- 
tube  and  half  fill  it  with 
water  and  invert  (by  press- 
ing thumb  over  its  end) 
in  a  dish  of  water  so  that 
water  stands  half  -  way 
up  tube.  Stick  the  second 
2  in.  of  magnesium  in  end 
of  a  glass  rod  and  poke  it 
up  the  test-tube  thus  : 


.J 

stiff  cardboard  lid 
to  hold  test  tube  steady  \ 
t  \ 

^  ^Magnesium 
--Glass  rod 

lids  of  coffee  tins 


FIG.  11. 


(Draw  figure  on  board.) 

Every  one  describe  what  we  have  done. 

Now  G,  read  your  account.  (Call  on  children  till  you  get 
two  good  accounts,  then  ask  those  two  to  come  out.) 

G  and  H  are  to  arrange  another  experiment  to  show  if 
these  bright  iron  filings  will  oxidise  slowly  or  not. 

G  shall  do  the  dry  filings  experiment. 

H  shall  do  the  wet  filings  experiment. 

How  shall  we  arrange  dry  one  ?    Some  one  tell  her. 

Dry  the  test-tube.    Put  in  the 
filings  and  the  cork.  _ 

How  shall  H  arrange  her  filmgs 
to  be  poked  up  above  the  water  in 
a  test-tube,  like  wet  magnesium  ex- 
periment ? 

Tie  up  in  musHn  ?    Can  air  and 
water  get  through  ? — Yes. 

Have  you  ever  seen  iron  change 
its  look  in  air  ?    Thuik  of  bicycle  spokes, 
wheels  not  much  used,  pins,  needles. 

Every  one  write  down  what  they  think  will  happen  durmg 
the  week  in  this  iron  experiment  in  the  two  test-tubes. 


Bag  of  briglit 
iron  filings 


FIG.  12. 

sewing-machine 


SECTION  VIII 


Am. — See  Section  Yll. 

Requxrements.— The  4  test-tubes,  etc.,  arranged  last  lesson.  On 
board,  drawing  of  apparatus  as  arranged.  Jam  jar.  Fat,  e.g.  suet. 
Glass  rod.    Dish  of  water. 

(Have  iron  experiment  one  side  of  room.  Magnesium  on 
other. 

Have  four  cMdren  come  to  you  early  and  explain  to  them 
exactly  what  has  happened^  and  then  put  one  in  charge  of  each 
test-tube.) 

I  want  aU  of  you  to  see  the  results  of  last  week's  experiment. 
Six  of  you  are  to  go  to  each  experiment  at  a  time  and  have  it 
explained  by  the  pupil  ia  charge.  Then  go  back  to  your 
place  and  write  what  you  see.  Those  of  you  not  looking  at 
the  experiment,  draw  the  figure  on  the  board,  and  get  ready 
columns  as  follows  to  put  down  results  : 


Dry  Magnesium. 

Damp  Magnesium. 

Dry  Iron  Filings. 

Wet  Iron  Filings. 

(After  about  thirty  minutes  all  children  will  have  seen  all 
four  experiments.) 

What  had  happened  to  the  dry  magnegium  and  dry  iron  ? — 
Nothing. 

What  had  happened  to  the  damp  magnesium  ? — It  was  a 
little  coated  and  dull. 

The  water  had  risen  a  little.    Why,  do  you  think  ? — 
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Magnesium  has  joined  with  oxygen  and  water  lias  risen  to 
take  its  place. 

Magnesium  will  oxidise  even  when  ordy  as  hot  as  this  room, 
but  very  slowly  (takes  quite  a  week). 

What  has  happened  to  the  iron  ? — It  has  "  rusted/'  got  a 
red  deposit  on  it.  Can  you  guess  why  ? — Iron,  like  magnesiimi, 
joins  with  oxygen,  and  its  oxide  is  red.  Would  you  say  that 
iron  or  magnesium  oxidises  most  quickly  ? — Iron.  What 
should  we  have  to  do  to  prove  that  the  iron  has  joined  with 
oxygen,  and  not  simply  lost  something  (as  the  fat  lost  the 
carbon  dioxide),  and  so  been  changed  to  a  red  body  by  loss 
and  not  gain  as  fat  changed  to  carbon  ? 

If  it  has  joined  with  oxygen,  what  about  the  difierence  ia 


Water 


Coffee  lids 
Fig.  13. 

weight  between  the  red  oxide  and  the  original  iron  ? — The  red 
oxide  wUl  be  heavier. 

How  should  we  find  out  if  it  is  so  ? — Dry  and  weigh  a  dry 
bag  of  filings  before  and  after.  We  won't  do  it,  but  it  has  been 
done  often,  and  always  the  red  substance,  the  "  rust,"  is 
heavier  than  the  original  filings  taken.  Also  the  oxygen  used 
up  is  always  about  one-fifth  of  air  above  the  water  in  test-tube. 

Conclusion. — Magnesium  and  iron  will  both  join  with 
oxygen  at  ordinary  temperatm-es  and  form  oxides,  but  only 
when  water  is  present. 

What  would  happen  if  this  fat  were  so  left  ?— After  a  time 
it  would  "  go  bad  "  because  the  air  is  full  of  tiny  living  things 
(almost  as  small  as  a  fat  molecule)  which  attack  the  fat  mole- 
cule, and  it  is  oxidised  by  their  help  rather  in  the  way  the 
water  helps  the  magnesium  and  the  iron  to  oxidise.    As  it 


SCIENTIFIC  HYGIENE  AND  TEMPEEANCE  27 


goes  bad  or  gets  broken  up,  what  will  be  formed  ?— Carbon 
dioxide  gas,  water,  and  other  bodies  with  bad  smells.  May 
take  some  time,  but  we  will  leave  a  piece  and  see.  The  living 
things  that  live  on  fat  may  not  be  in  the  air  of  our  room,  but 
we  will  try. 

Set  up 'jam  jar  as  in  figure  with  piece  of  suet  tied  to  glass  rod. 


SECTION  IX 


A^M. — (1)  To  discover  that  starch  like  fat  can  be  oxidised  ;  (2)  to 
discover  that  the  body  keeps  at  a  constant  temperature  above  that  of 
its  surroundings,  and  therefore  requires  a  supply  of  heat  energy,  which 
it  obtains  by  oxidation  of  such  foods  as  starch  and  fat. 

Requirements. — U-tube  with  indiarubber  tube  and  clip.  Starch 
and  copper  oxide.  Test-tube.  Lime-water.  Copper  sulphate.  Spirit- 
lamp.  Blowpipe.  Matches.  Clinical  thermometer.  Centigrade  ther- 
mometer 100°. 

(N.B. — If  possible  some  day  before  this  have  a  lesson  on  the  ther- 
mometer and  measurement  of  temperature.) 

We  have  shown  : 

1.  That  fat  can  be  oxidised  and  gives  what  ? — Carbon 
dioxide  and  water. 

2.  That  some  oxidations  can  go  on  without  heat  being 
given  greater  than  that  of  the  body. 

3.  That  the  body  produces  carbon  dioxide  gas  and  water. 

4.  That  we  need  fat,  and  indeed  people  have  discovered 
that  we  don't  grow  or  keep  strong  without  some  fat  food,  such 
as  milk,  butter,  suet,  lard,  etc. 

So  we  conclude  that  fat  foods  are  oxidised  by  the  body. 
This  has  been  proved  by  scientists  in  many  experiments. 
WiU  any  other  foods  beside  fat  oxidise  readily  ? 

We  will  try  some  starch.  When  do  we  eat  foods  which 
contain  starch  ? — When  we  eat  potatoes,  bread,  sago,  rice,  etc. 

How  shall  we  try  ?    M,  come  out  and  do  the  experiment. 

Fit  up  experiment  as  with  fat,  see  Section  VI.  page  18, 
using  starch  rubbed  up  with  copper  oxide  instead  of  fat. 
Eepeat  that  lesson. 

Summary. — Starch  oxidises  and  gives  carbon  dioxide  and 
water  even  more  readily  than  fat  does. 
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*  CWlifit  did  the  fat  molecule  have  in  it  ?— Carbon,  "  H," 
and  a  little  oxygen.)  * 

Starch  has  exactly  same  things  in  it  as  fat,  but  much  more 
oxygen.  If  we  had  time  to  try  sugar  under  similar  conditions, 
we  should  find  much  the  same  thing.  It  too  contains  carbon, 
H,  and  oxygen,  and  it  oxidises  to  carbon  dioxide  gas  and 
water. 

Why  does  the  body  need  foods  like  fat,  starch,  and  sjigar, 
which  it  can  oxidise  1 

Does  it  want  carbon  dioxide  gas  ? — Not  at  all ;  it  gets  rid 
of  it  through  the  breath,  and  as  we  shall  see  works  hard  to  do 
so.    Carbon  dioxide  gas  is  a  waste  product. 

Does  it  want  water  ? — Very  much.  We  should  die  without 
water  (see  why  later  on).  Water  is  everywhere  in  the  body, 
but  still  if  we  drank  only  water  and  didn't  eat  fatty  or  starchy 
foods  we  should  die.  So  it  isn't  for  the  sake  of  the  water  that 
we  eat  these  foods.  What  time  of  the  year  do  you  like  most 
suet  puddings,  or  rice,  or  sweets  ?  In  hot  or  cold  weather  ? — 
In  cold. 

What  do  "  fasting  "  men  do  ? — They  get  into  bed  and  stay 
still  and  keep  warm.  If  they  don't  they  get  thinner,  i.e.  use 
up  the  fat  already  on  their  bodies  much  quicker  and  have  to 
stop  fasting  sooner.  Why  do  they  use  up  fat  quicker  when 
they  are  not  covered  up  ? — Fat,  when  used  up,  gives  them 
heat.  They  want  more  heat  given  them  when  out  of  bed  than 
when  in  it ;  when  they  stay  in  bed  they  don't  want  so  much 
heat,  so  they  don't  use  up  fat. 

When  a  bear  goes  to  sleep  for  the  winter,  what  is  he  like  ? — 
Very  fat. 

When  he  wakes  up,  what  is  he  Uke  ? — Very  thin. 
What  has  happened  to  his  fat  ? — He  has  used  it  up  to  keep 
himself  warm. 

A  coal  fire  keeps  you  warm.  What  is  happening  to  the 
coal  ? — It  is  being  oxidised  to  carbon  dioxide  gas.  Magnesium 
ribbon  in  burning  gives  out  Light  and  heat.  What  is 
happening  ? — It  is  being  oxidised. 

When  magnesium  ribbon  oxidises  quietly  without  a  flame 
does  it  give  out  heat  ? — You  can't  see  light  or  feel  any  heat, 
but  it  is  all  the  time  giving  out  heat,  only  very  slowly,  so  that 
the  heat  given  out  passes  away  to  the  things  around,  and  no 
one  spot  is  made  hot  enough  for  you  to  feel  the  difl'erence. 
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Whenever  any  body  is  oxidised,  heat  is  always  given  out, 
though  there  may  be  no  light  or  flame. 

Now  why  do  you  want  suet  pudding  more  in  winter  than 
in  summer  ? — Because  you  want  more  heat  and  your  body 
can  oxidise  the  suet  or  any  other  fat,  and  in  the  oxidation  heat 
is  given  out  to  your  body. 

Why  must  the  bear  get  fat  before  his  winter  sleep  ? — He 
must  be  kept  warm,  and  he  can  oxidise  the  fat  of  his  body, 
and  heat  is  given  out  by  that  oxidation. 

{N.B. — Here  an  intelligent  child  ought  to  ask,  "  But  we 
gave  heat  to  get  fat  oxidised  when  we  heated  it  with  copper 
oxide.    Why  was  that  ?  "    Answer  woidd  be  : — ) 

Well,  you  see  the  oxygen  is  rather  tightly  joined  up  with 
the  copper,  and  the  heat  was  to  drive  them  apart,  and  also 
to  make  the  carbon  hot  enough  to  join  with  the  oxygen.  In 
the  body  the  oxygen,  as  we  shall  see,  is  not  so  tightly  joined 
up  to  the  thing  from  which  the  starch  and  fat  steal  it,  so  you 
don't  need  great  heat  to  begin  the  oxidation. 

Oxygen  in  the  body  is  attached  to  something  that  carries 
it  rather  like  a  rider  on  a  horse,  and  so  can  easily  be  pulled 
away  by  the  fat.  Oxygen  in  copper  oxide  is  like  a  speck  in 
this  granite,  only  to  be  got  out  by  blowing  the  stone  to  bits. 
The  heat  we  give  practically  puUs  the  copper  oxide  to  bits, 
so  that  the  fat  can  pick  up  the  oxygen.  The  heat  given  out 
when  the  fat  is  oxidised  is  much  greater  than  the  heat  we  give 
the  mixture  from  our  spirit-lamp. 

Heat  given  out.  by  coal  in  oxidising  is  much  greater  than 
the  heat  of  the  match  we  used  to  light  the  fire  with.  We  give 
a  little  heat  energy  to  start  a  change  from  which  jfinaUy  a 
great  deal  of  heat  energy  is  obtained. 

Why  does  the  body  need  heat  ? — From  its  food  the  body 
builds  up  itself.  Bone.  Muscle.  Blood.  Brain.  It  has  to 
change  the  food  then  ;  all  these  changes  only  take  place  at  a 
certain  temperatm-e,  just  as  paper  only  began  to  burn  at  a 
certain  temperature. 

What  else  have  we  had  which  only  changed  to  something 
else  at  a  certain  temperature  ? — The  match  (when  heated  by 
rubbing),  the  candle  wick,  and  fat. 

So  all  the  changes  in  the  body  by  which  food  becomes  body 
substance  only  take  place  properly  when  you  are  at  a  certain 
temperature.    Has  your  body  ever  been  hotter  than  it  ought 
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to  be  ?  Not  only  just  felt  hotter,  because  you  can  "  feel  " 
hot  on  the  surface  and  yet  when  your  temperature  is  taken 
it  is  all  right.) 

Has  the  doctor  ever  "  taken  your  temperature  "  1 
Here  I  have  a  thermometer  which  will  take  your  tempera- 
ture as  the  one  on  the  wall  takes  the  temperature  of  the  room. 
I  will  wash  it  by  dipping  it  in  this  mixture,  which  has  in  it  a 
disinfectant  (boracic  acid  saturated  solution).  Why  ? — Might 
have  germs  on  it  and  the  disinfectant  will  IdU  them.  And 
now  31  come  out,  and  we  will  take  her  temperature. 

(Make  child  see  where  the  mercury  thread  is,  and  then  put 
in  her  mouth  under  tongue  and  close  her  lips.)  Will  take  a 
minute  and  a  half  for  the  thermometer  bulb  to  get  as  hot  as 
her  body. 

(Take  out  and  show  child  thread  has  moved  up  and  reads 
98"4°  F.  if  she  is  normal.  Clinical  thermometers  are  marked 
in  degrees  Fahrenheit.) 

Her  body  then  has  just  the  right  amount  of  heat  in  it  for 
aU  the  changes  that  have  to  go  on. 

Now  M  must  take  some  exercise  till  she  feels  much  hotter 
in  the  recreation  time,  and  then  if  she  will  come  to  me  I  will 
take  her  temperature  again.    Do  you  think  it  will  be  the  same  ? 

It  will,  very  nearly.  If  when  we  got  hot  by  exercise  our 
temperatm'e  changed  much  it  would  be  bad.  Why  ? — Because 
our  bodies  woiUd  not  work  well  at  any  other  temperature. 

Have  you  ever  really  been  too  hot  ?  If  you  have  had  a 
fever  or  influenza,  then  your  temperature  was  liigh  and  your 
body  did  not  do  its  work  properly  and  you  felt  HI. 

So  you  need  to  be  kept  at  a  constant  temperature. 

But  suppose  you  were  not  getting  fresh  heat  all  the  time 
from  somewhere,  would  you  remain  at  the  same  temperature  ? 

If  I  put  a  hot  poker  in  the  fender,  does  it  stay  hot  ? — No. 
Why  not  ? — Gives  ofi  heat  to  the  air  and  the  fender. 

For  how  long  ? — Till  it  is  "  same  temperature,"  or  just  as 
hot  as  the  air  or  fender. 

What  is  your  body  doing  all  the  time  ? — Giving  off  heat  to 
its  surroundings. 

Why  ? — -Because  it  is  hotter  than  its  surroundings. 

How  do  you  know  ? — It  feels  so.  That  wouldn't  prove  it 
but  the  thermometer  does.  That  thermometer  on  wall  (or 
Centigrade  one  teacher  has)  says  temperature  of  room  is  — . 
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G  hold  bulb  in  your  band.  Mercury  goes  up.  Why  ?— 
Your  hand  is  hotter  than  the  room.  Why  then  does  not  your 
body  get  colder  aud  colder  if  it  is  giving  up  heat  to  the  room 
all  the  time  ?— Because  the  foods  like  starch  and  fat  and  sugar, 
which  you  have  eaten,  are  being  oxidised  in  the  body  and  are 
giving  out  heat. 

Now  answer  in  writing :  .    r    i  -j-  i 

What  facts  make  you  think  that  certam  foods  are  oxidised 

in  the  body  1  .       r    i  9 

Why  does  the  body  oxidise  these  foods  i 


SECTION  X 


(Only  to  be  taken  with  children  if  parts  marked  (*)  in  Sections  VI., 
VII.,  and  IX.  have  been  given.  If  omitted,  have  a  simpler  discussion  of 
what  happens  when  water  boils,  e.g.  coal  oxidised,  heat  produced,  makes 
liquid  water  into  water  gas,  this  tries  to  escape,  presses  on  certain  parts 
of  the  engine,  and  so  produces  movement  of  other  parts.  Such  a  lesson 
wiU  show  that  heat  does  produce  movement,  but  wiU  not  attempt  to 
explain  how  it  does  so.) 

Aim. — -To  explain  that  "  heat  is  a  form  of  energy  "  and  that  heat 
energy  can  be  transformed  into  mechanical  energy. 

Requikements. — Beaker  of  water.  Spirit-lamp.  Tripod.  Iron  wire. 
Chalk  dust.    6  marbles,  glazed.    Paper  groove. 

Last  lesson  we  discussed  why  the  body  needed  heat. 
Why  does  it  ?    How  does  it  get  the  heat  needed  ?  What 
is  heat  ? 

It  is  difficult  to  answer.  If  we  can  find  out  what  heat  does, 
we  may  be  able  to  understand  better.  _ 

Here  I  have  a  beaker  of  water.  Let 
us  give  heat  to  it  and  see  what  happens. 

Two  people  come  out  and  watch  closely 
aU  the  time,  and  write  down  what 
happens.  When  I  say,  others  can  come 
out  to  see  at  certain  points.  All  watch, 
draw,  and  write  down  what  the  two  tell 
you. 

First,  tiny  bubbles  form  on  the  bottom 
of  beaker  and  then  move  up  through 
liquid  and  pass  into  the  air. 

What  are  these  bubbles  ? — Air. 

What  is  air  ?— Oxygen,  nitrogen,  and  a  very  little  carbon 
dioxide  gases. 

What  has  water  done  to  some  air  then  ? — Dissolved  it, 
so  that  you  can  no  longer  see  it. 
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Have  you  ever  seen  a  liquid  dissolve  anything  before  and 
apparently  not  be  changed  ?— Sugar  or  salt  in  tea  and  in 
water.    Washing  soda  in  water. 

Where  else  are  bubbles  forming  now  ?— On  the  sides. 

All  be  very  quiet.  Can  you  hear  anything  ?— The  bubbles 
breaking  up  as  they  escape  into  the  air. 

Heat  then  drives  gases  out  of  water. 

At  last  all  the  air  has  been  driven  out,  and  now  what  do 
you  see  ?— Large  bubbles  forming  on  bottom  and  breakmg 
there.  At  last  some  of  these  rise  to  surface  and  pass  ofi,  and 
finally  all  the  liquid  seems  to  be  dancing,  and  many  bubbles 
pass  ofi  at  sm-face,  i.e.  "  boils." 

What  are  these  bubbles  ?— Water  vapour  or  water  gas 
'(iV.B.— Difficult  to  prove  to  children  that  the  first  bubbles 
are  air  and  the  later  ones  water  vapour,  must  take  it  on  your 

authority.)  ^  ,  . 

Hold  a  cold  glass  plate  (e.g.  J-plate  from  camera,  oi- a  tray) 
over  the  beaker.    What  happens  ?— Water  gas  '  condenses 
back  agam  to  liquid  water  and  forms  drops.  _ 

The  difierence  between  the  molecules  m  the  water  when 
liquid  and  in  the  same  water  when  it  has  become  a  gas  or 
vapour  is  that  the  molecules  in  the  gas  are  aU  movmg  much 
quicker  than  in  the  liquid.  _ 

What  is  a  molecule  ?    (Recall  Section  Vi.) 

A  water  molecule  is  the  very  smallest  part  of  water  that 
exists  Water  is  in  fact  made  up  of  molecules  all  exact  y 
aUke,  aU  the  same  size.    These  water  molecules  are  mcredibiy 

^^Eow  many  do  you  think  there  would  be  in  a  drop  of  Hquid 
water  that  you  can  just  see  ?— Millions. 

How  many  in  a  tiny  bubble  of  the  water  gas  ?-StiU  milhons, 
though  fewer  than  in  a  drop  of  liquid  water  the  same  size 

What  has  heat  done  to  water  molecules  ?-Has  made  them 
move  much  quicker,  so  that  you  cannot  see  the  form  the  mass 

of  them  assume.  n      ;f  ;+  r.a«P<5 

If  a  train  rushes  by  you  can't  see  it  so  weU  as  if  it  passes 
slowly  This  does  not  explain  to  you  exactly  why  you  can  t 
see  the  gas,  but  it  does  depend  on  th6  extra  rapidity  ^vl  h 
which  thf molecules  move,  jifst  as  the  -^^tmctness  of  rapid  y 
moving  bodies  like  trains  or  hues  drawn  on  a  wmdmill  sail 
depends  on  their  movement. 
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-Made  its  molecules  move 


Fig.  15. 


What  has  heat  done  to  water  ?- 
much  more  quickly  than  before. 

What  is  it  that  moves  anything  ?  e.g.  trees  ? — A  moving 
wind.    Stones  ? — A  moving  river. 

Here  I  have  a  line  of  marbles  in  a  paper  groove. 

I  rim  another  in  behind  and  what  happens  ?— The  others 
all  move  on.  Why  ?  —  Marble  has 
passed  on  its  extra  motion  to  the 
others.  If  one  marble  touches  another 
moving  at  same  rate,  will  it  make  the 
one  it  touches  move  more  quickly  ? — 
No;  the  one  behind  must  move  quicker, 
then  can  pass  on  its  extra  movement 
to  slower  one  in  front. 

Can  you  tell  what  heat  is  from 
what  it  does  to  water  ? — It  makes  the 
water  molecules  separate  and  move  out 
of  water. 

Heat  is  motion  of  the  molecules  of 
the  hot  body.    When  the  molecules  of  one  body  are  hotter 
than  those  of  another,  i.e.  moving  more  quickly,  then  they 
can  pass  on,  then-  motion.    In  the  case  of  the  boiling  of 
water,  we  use  a  spirit-lamp  flame,  and  its  heat  is  the 
motion  of  molecules  of  carbon  and  gases  formed  as  the 
spirit  oxidises.     When   these   molecules   hit  against  glass 
ot  beaker,  they  make  its  molecules  move  faster  too  ;  sounds 
impossible  but  it's  true  that  aU  the  time  the  molecules 
ot  everything  are  always  moving.    When  they  get  hot  it 
only  means  that  their  molecules  are  movintr  faster  The 
glass  molecules  pass  on  their  motion  to  the  water  molecules 
and  these  move  qmcker  and  quicker  till,  as  we  have  seen,  at 
last  some  of  them  become  separated  fi-om  the  rest  and  so  form 
bubbles  which  pass  up  to  top  of  water.    If  you  can  move  lots 
ot  thmgs  or  move  yourself  about  more  than  most  people  we 
say  you  are,  what  kind  of  child  ?  (e.g.  if  you  play  L  running 
games  or  skipping)-An  energetic  child.    You  have  "  energy 
feo  we  say  that  the  molecules  of  the  flame  have  energy,  and 
heat  IS  the  name  we  give  to  this  kind  of  energy 

How  clid  we  get  heat  without  any  light  ?— By  rubbinj?  two 
pieces  of  blottmg-paper  together.  ^Here  we  h^ad  movement 
producmg  heat,  and  as  heat  is  just  motion  of  molecules,  we 
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are  not  surprised  that  movement  leads  to  appearance  of 
heat. 

When  you  run,  you  feel  hot.  Are  you  necessarily  really 
hotter  ? — The  surface  of  the  body  may  feel  hotter,  but  yet 
the  temperature  inside,  where  all  important  changes  occur, 
remains  the  same. 

(Recall  taking  of  temperature.  Section  IX.) 

Why  don't  you  get  really  hotter  ? — Partly  because  you 
give  away  the  extra  heat  fi-om  yom-  body  surface  to  your 
surroimdings.  How  do  you  give  the  heat  away  ? — Partly  as 
the  poker  did  to  the  air  ;  the  extra  motion  of  the  poker  mole- 
cules passes  on  to  the  molecules  of  air. 

^Vhat  happens  to  its  speed  when  one  marble  runs  into 
another  ? — The  one  begins  to  stop  as  it  passes  on  its  motion 
to  the  other. 

What  happens  to  the  poker  molecules  as  they  pass  on  their 
motion  to  air  molecules  ? — They  slow  down.  How  can  you 
tell  poker  molecules  are  slowing  down  ? — The  poker  gets 
"  cooler." 

Heat  is  passed  on  by  your  body  in  the  same  way  to  mole- 
cules of  air,  chairs,  tables,  etc. 

There  is  still  another  way  in  which  the  body_  loses  heat 
though.  When  you  have  got  very  hot,  what  sometimes  passes 
ofi  from  your  skin  ? — Water  m  perspiration.  What  happens 
to  a  drop  of  water  when  it  has  got  to  the  outside  of  your  skin  ?— 
Gradually  "  dries  up."  Why  does  it  "  dry  up  "  ?— The  heat 
from  your  body  passes  to  it,  just  as  heat  from  our  spmt-lamp 
flame  passed  to  the  water  in  the  beaker.  What  does  the  heat 
do  to  the  drop  of  water  ?— Makes  its  molecules  move  faster 
and  faster,  and  separate  from  each  other,  and  finally  go  oS. 
into  air  as  separate  molecides. 

Why  can't  you  see  it  happening  ?— Because  the  molecules 
are  so  tiny  (there  are  millions  in  smallest  drop  you  can  see). 
And  once  they  separate  from  each  other  they  can't  be  seen. 

What  do  we  call  a  body  in  which  the  molecules  are  so  far 
apart  they  can't  be  seen  ?  (There  are  still  miUions  m  a  bubble 
of  gas  the  size  of  a  pin  point,  but  they  are  smaUer  than  the 
spaces  between  them  in  a  gas.)— A  gas. 

What  is  the  gas  when  water  molecules  are  so  separated  <— 
Water  gas  or  water  vapour. 

What  has  made  water  molecules  separate  and  make  water 
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vapour  ? — Heat  from  your  body.  If  your  body  molecules 
have  passed  on  motion  to  water  molecules,  what  has  happened 
to  body  molecules  ? — Have  slowed  down.  What  do  we  then 
say  has  happened  to  the  body  ? — Body  is  cooler.  (Other 
instances  of  evaporation  of  water  are,  of  course,  disappearance 
of  dew  through  heat  of  sun,  drying  of  clothes  by  wind.) 

When  you  are  feverish  how  does  your  skin  feel  ? — Dry  and 
hard.  Why  ? — Your  body  is  not  working  properly  and  has 
not  sent  a  proper  supply  of  water  out  to  your  skin.  What 
happens  to  your  temperature  ? — It  goes  up.-  Is  this  bad,  and 
why  ?— The  body  can't  do  its  work  so  well,  can't  use  up  food 
to  build  up  bone  or  muscle  or  blood,  and  do  all  the  other  work 
we  are  going  to  learn  about,  except  at  the  proper  temperature. 
^  Very  often  the  doctor  gives  medicine  then  to  make  you  per- 
spii'e,  which  helps  to  cool  you  down  to  temperature  at  which 
the  body  can  work  best. 

When  is  a  substance  "  cold  "  ?— When  it  has  less  heat  than 
other  substances  around  it,  i.e.  when  its  molecules  are  moving 
slowly. 

What  is  heat  ? — A  form  of  energy,  a  movement  of  molecules 
which  our  bodies  can  feel. 

How  is  this  form  of  energy  produced  ?— By  oxidation. 

What  kinds  of  oxidation  have  we  had  ? 

(a)  Quick— much  heat  given  ofE  at  once,  and  flame  or  light 
produced,  e.g.  coal,  magnesium,  candle  fat. 

(fe)  Slow— I  told  you  that  just  as  much  heat  was  given  off 
m  the  end,  only  more  slowly,  so  it  is  passed  on  to  surroundings 
and  no  flame  produced,  e.g.  damp  iron  fiHngs  and  magnesium 
fatty,  sugary,  and  starchy  foods  in  body.  ' 

On  Board :  "  When  any  molecule  is  oxidised,  i.e.  joins  with 
oxygen,  energy  is  given  out." 

If  it  is  a  molecule  with  many  different  things  in  it  like  fat 
all  of  which  jom  with  oxygen,  much  energy  wfll  come  from  one 
molecule. 

_  If  it  is  a  simple  molecule  like  carbon,  which  has  only  carbon 
m  it,  less  energy  will  come. 

When  energy  comes  from  a  chemical  change,  such  as 
breaking  up  of  fat  mto  simple  molecules  like  carbon  dioxide  gas 
and  water,  we  say  the  fat  had  chemical  energy. 

What  other  form  of  energy  have  we  had  ^.—Heat  energy. 

ihe  chemical  energy  was  in  the  fat  molecule,  and  when  that 
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molecule  was  broken  up  the  chemical  energy  became  heat 
energy,  i.e.  energy  of  movement  of  molecules.  What  happens 
to  that  movement  ? — It  is  passed  on  and  so  lost  to  the  mole- 
cules which  were  in  the  fat. 

So  which  has  most  chemical  energy,  a  fat  molecvde  or  the 
molecules  of  carbon  dioxide  gas  and  water  into  which  it  can  be 
broken  up  ? — Fat  molecule. 

What  can  we  use  heat  energy  for  ? — To  boil  water  and 
make  water  vapour. 

What  is  the  energy  or  power  of  water  vapour  or  water  gas 
sometimes  used  for  ? — To  make  machinery  move. 

Have  you  ever  seen  water  gas  move  anything  ? — A  kettle 
Ud.  - 

(Do  it  if  children  have  never  seen.) 

Have  you  ever  been  moved  through  the  energy  of  boiling 
water  ? — Yes.    In  a  train. 

The  coal  oxidised,  the  chemical  energy  becomes  the  heat 
energy  of  the  molecules  of  flame,  it  passes  on  to  molecules  of 
liquid  water  which  become  even  more  rapidly  moving  water 
gas,  which  presses  against  and  moves  iron  levers  which  move 
wheels  of  engine  round,  which  move  carriages  which  move  you. 

Now,  children,  try  and  write  down  that  long  string  of 
happenings  for  yourselves. 

Head  it :  "  How  a  chemical  change  has  moved  me." 

Here  then  chemical  energy  became  heat  energy,  but  what 
shall  we  say  the  heat  energy  became  ? — It  produced  movernent 
of  collections  of  molecules  all  together,  moved  whole  machines, 
engines,  carriages,  you. 

What  do  you  call  a  man  who  has  to  do  with  machines  ? — A 
mechanic. 

So  we  call  the  energy  which  moves  machines  "  mechamcal 
energy." 

Chemical  energy,  became  heat  energy,  became  mechamcal 
energy. 

Shut  your  eyes  and  think  out  the  chain  of  change  agam. 
Now  write  answer  to — 

What  is  energy  ?  (Only  3  to  6  words  required.)— Energy  is 
the  power  to  move  or  to  do  work. 

A  few  minutes  ago  I  mentioned  you  among  "  machmes. 

A  machine  is  really  just  something  made  to  turn  energy, 
such  as  chemical  or  heat  energy,  into  the  more  useful  mechanical 
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energy  which  does  work  for  us,  i.e.  moves  things  in  the  way 
we  want  them  moved.  Like  the  engine  of  a  train  or  the 
weaver's  loom  which  moves  the  threads  into  the  position  we 
desire  and  makes  cloth  for  om-  clothes  or  carpets  for  our 
floors. 

Now  was  I  right  when  I  called  you  "  machines  "  ? 
Every  one  try  to  write  an  answer  to  this  question^,  and  next 
time  we  will  begin  to  discuss  it. 

Why  do  you  think  you  are  a  machine  ? 

For  a  revision  lesson  let  children  answer  in  writing  : 

1.  Describe  what  happens  when  water  ii3  heated  in  a 
beaker. 

2.  What  is  energy  ? 

3.  Why  do  you  think  heat  is  a  form  of  energy  ? 

4.  Wliat  is  a  molecule  ? 

5.  Wliy  does  water  "  dry  up  "  on  the  skin  ? 

6.  Give  one  reason  why  people  are  sometimes  feverish. 


SECTION  XI 


Aim. — To  discover  (1)  that  bodily  movements  are  brought  about  by 
muscle  action  which  depends  for  the  necessary  energy  on  the  oxidation 
of  food  stuffs ;  (2)  that  alcohol  though  oxidisable  did  not  supply  such 
energy  to  puppies.  . 

Requieements. — Rabbit's  hind  legs  cut  off  so  as  to  include  the  hip 
bones,  and  pinned  to  a  board  which  can  be  hung  from  blackboard  or 
passed  round.  One  leg  to  be  intact  with  muscle  attached  as  in  life. 
The  second  leg  to  have  the  extensor  muscle  cut  away  at  the  hip  and 
freed  from  the  thigh  bone.  To  preserve  such  specimens  pickle  in  brine 
(2  pints  water  and  a  large  handful  salt  and  a  heaped  tablespoonful 
saltpetre).  Also  the  bones  of  a  hind  leg  from  which  the  meat  or  muscle 
has  been  removed.  (Both  done  after  boiling  the  leg.)  Figs.  16, 
17,  and  18  enlarged. 

Am  I  a  macliinej  i.e.  can  I  change  cliemical  energy  into  lieat 
and  mechanical  energy,  and  so  bring  about  useful  movements  ? 

Movements,  running,  talking,  lifting,  breathing,  are  such 
movements.  Where  does  energy  for  such  movements  come 
from  ? — Oxidation  of  food.  What  is  made  in  oxidation  of 
food  such  as  starch  or  fat  ? — Carbon  dioxide  gas,  and  water. 
Are  they  any  use  to  the  body  ? — The  gas  is  not  and  is  given 
out  to  the  air.  Water  is  very  useful.  Why  ? — It  dissolves 
foods.  It  helps  to  cool  the  body  through  perspii-ation.  But 
the  water  we  drink  is  enough  for  these  pm-poses,  so  why  should 
the  body  be  put  to  all  the  trouble  of  breaking  up  the  food 
molecules  and  oxidising  them  ? — Because  it  needs  the  energy 
which  is  always  given  out  when  the  bodies  are  oxidised. 
Recall  heat  of  coal  fii-e,  light  and  heat  of  burning  magnesium, 
the  flame  of  burning  candle  fat.  What  two  forms  of  energy 
must  the  body  have  ? 

1.  Heat  Energy. — It  keeps  at  a  constant  temperature, 
though  in  our  climate  heat  must  be  given  up  to  surroimdiugs 
nearly  all  the  time.    Also  the  givmg  off  water  vapour  and 
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making  liquid  water  from  the  body  into  vapour,  needs  heat, 
just  as  the  making  liquid  water  into  vapour  in  a  beaker 
required  heat. 

2.  Mechanical  energy  or  energy  of  such  movements  as  the 
body  makes  in  walking,  breathing,  etc.  What  part  of  the 
body  carries  out  these  movements  ?  Suppose  a  blacksmith 
moves  his  arms  in  a  particular  way  for  months  and  years, 
what  are  his  arms  like  compared  to  those  of  a  clerk  ? — Much 
bigger. 

Are  his  bones  bigger,  or  has  the  fat  on  them  increased  ? — 
Not  the  fat  but  something  else 
What  do  we 


Nerves 


line  of 

Arttrj  VtinNerve 


Tendon 


clothing  the  bones 
call  this  covering  which  increases 
with  exercise  of  the  part  ? 


Muscle. 

Have  you  ever  eaten  muscle  ? — 
Muscle  :  beef,  mutton. 

Here  is  the  leg  of  a  rabbit. 
What  is  this  flesh  round  the  bone  ? 
■ — Muscle.  Hind  left  leg  pinned 
with  inner  side  next  board  will 
show  (see  Fig.  16)  flexor  muscle 
(F)  on  the  left,  extensor  muscle 
on  the  right,  with  a  line  between 
indicating  position  of  a  nerve,  vein, 
and  artery.  The  thigh  bone  hidden 
by  the  extensor  muscle,  which  ends 
in  the  stout  tendon  (T)  at  the  knee- 
cap. When  I  take  hold*  of  this 
bone  (near  foot)  and  bend  it  up 

to  the  left,  watch  the  big  mass  of  16.— Muscles  in  rabbit's  hind- 
muscle  above  it  (extensor).  It 

lengthens.  What  docs  the  muscle  mass  above  and  to  the  left 
of  this  middle  line  (flexor)  do  ?— It  slackens  and  thickens. 
Suppose  the  leg  is  bent,  how  can  rabbit  straighten  it  again  ? 
—The  right-hand  muscle  (extensor)  will  shorten.  What  does 
this  pull  on  ?— The  long  whitish-looking  end  of  the  muscle 
passing  over  the  knee.  To  what  is  this  attached  ?— Upper 
end  of  shin  bone,  which  is  thus  straightened  into  line  with  the 
thigh  bone. 

(Here  show  the  bones  of  the  rabbit's  leg.) 

When  you  look  at  the  muscle  what  do  you  find  covering 
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it  ?— A  thin  transparent  layer  which  serves  to  help  to  hold 
it  together.  Similar  layers  run  in,  enclosing  other  parts  of 
the  muscle.  It  is  rather  like  these  long  red  threads,  each  of 
which  I  have  wrapped  round  in  tissue-paper  sheaths  longer 
than  the  threads,  and  then  put  all  the  threads  with  their 
sheaths  in  an  outer  sheath  of  paper.  What  happens  to  the 
ends  of  the  sheaths  ? — They  all  run  into  one  another  and 
twist  together,  forming  a  white  tough  end  to  the  muscle  as  I 

make  this  projecting  paper 
twist  up  together  at  the  end 
of  my  threads.  Then  thLs 
tough  end  is  attached  to 
the  bone  here.  (Lay  the 
twisted  ends  of  the  paper 
sheaths  against  knee  -  cap 
end  of  shin  bone  and  the  sheath  with  their 
threads  in  position  of  extensor  muscle.) 

So  when  the  muscle  shortens,  on  what  does 
it  pull  first  ? — The  tendon,  as  we  call  the  rope 
of  sheaths,  and  this  pulls  on  the  bone  and 
pulls  it  up. 

Here  is  the  other  hind-leg  of  the  rabbit, 
with  the  muscle  that  shortens  to  straighten 
the  lower  part  cut  away  from  the  hip  bone. 
See  its  tendon.  Some  pupil  can  come  out, 
and  by  pulling  the  muscle  pidl  the  tendon 
and  shin  bone  straight.  In  your  body  there 
are  about  five  huirared  such  muscles,  little 
and  big,  and  by  their  shortening  and  lengthen- 
ing every  movement  is  made. 

Now  let  each  of  you  hold  the  fj-ont  of  the 
right  arm  between  elbow  and  shoulder,  hold- 
ing the  right  arm  extended  straight  out.  Move  the  lower 
part  of  arm  from  the  elbow  (hand)  upwards  towards  shoulder. 

What  do  you  feel  ? — -A  hardening.  Something  seems  to 
swell.    What  is  it  ? — Youi  "  biceps  "  muscle. 

{N.B. — For  good  illustration  of  muscle  action,  see 
Ravenhill,  page  155.) 

Draioings  on  hoard  of  biceps  muscle,  with  the  forearm 
extended  and  flexed. 

Looking  at  these  two  drawings,  what  would  you  say  had 


Fig.  17. — Bones  in 
rabbit's  hind-leg. 
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made  forearm  bend  up  ? — Biceps  muscle  gets  shorter  and  of 
course  thicker,  and  so  forearm  is  pulled  up.  We  my  the  muscle 
has  contracted  or  shortened.  What  happens  when  forearm 
falls  ? — Muscle  has  extended  or  lengthened. 

Before  the  muscles  move  what  must  they  have  ? — Energy. 
Where  do  they  get  the  energy  from,  do  you  think  ? — From  the 
oxidation  of  the  food  materials.  So  in  some  way  the  food 
you  eat  must  get  carried 
to  the  muscles.  Later  on 
we  shall  learn  how.  Does 
it  matter  if  our  muscles 
move  readily  and  quickly  ? 
Who  does  the  most  work, 
the  road-mender  or  brick- 
layer who  has  good,  firm, 
strong  muscles  which 
lengthen  and  shorten 
readily,  or  the  other  man 
with  "  flabby  "  muscles  ? 
What  gives  strong  muscles  ? 

1.  Good  food. 

2.  Using  the  muscles  as 
in  games  and  drill  exercises. 

What  is  "  good  "  food, 
and  why  ? — We  know  now 
that  it  must  contain  certain 
things  the  body  needs,  i.e. 
carbon,  able  to  be  oxidised 
in  the  body.  But  will  all 
substances  be  sure  to  be  Fig.  18.-Biceps  muscle, 

good  foods,  because  they 

can  be  oxidised  by  the  body  ?  If  you  drank  some  of  this 
methylated  spirit  would  it  be  oxidised  in  the  body  ? — Prob- 
ably some  of  it  would.  It  contains  the  same  bodies  as  fat, 
of  which  carbon  is  one,  and  as  you  know  it  burns  or  oxidises 
very  easily  in  the  lamp,  so  we  might  expect  it  to  oxidise  in 
the  body  too.  But  it  takes  time,  doesn't  it,  to  oxidise  any 
substance,  and  before  all  the  spirit  was  thus  broken  up  it 
would  do  you  harm,  poison  you.  A  pint  would  probably  kill 
you.  Methylated  spirit  is  almost  all  (90  per  cent)  a  liquid 
which  is  called  alcohol,  and  it  is  this  which  burns  or  is  oxidised, 
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and  it  is  also  this  which  before  it  was  oxidised  would  hurt 
certain  parts  of  the  body. 

Here  is  a  true  story,  -which  shows  how  only  a  very  little 
alcohol  spoils  muscle  action  in  dogs. 

There  were  four  puppies,  and  two  were  given  a  very  little 
alcohol  with  their  food,  and  two  were  only  given  water.  The 
alcohol  puppies  became  much  quieter  and  more  sleepy.  All 
four  had  been  taught  to  fetch  back  balls  thrown  for  them, 
but  of  1400  balls,  the  water  drinkers  brought  back  922,  the 
alcohol  drinkers  only  278.  They  had  far  less — what  ? — 
Energy,  and  could  do  less  work.  So  alcohol,  a  body  that  you 
might  have  expected  to  give  energy,  lessened  it.  The  alcohol 
dogs  were  not  even  getting  as  much  energy  out  of  their  other 
food  as  the  water  dogs. 

Next  lesson  we  will  discuss  why  these  dogs  had  less  energy 
than  the  others. 

Answer  in  writing  ; 

How  do  muscles  move  limbs  ? 

Where  does  the  energy  come  from  for  the  shortening  and 
lengthening  of  muscle  and  the  work  done  through  movements 
thus  made  possible  ? 
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Aim. — To  show  that  muscle  action  is  controlled  by  the  protoplasm 
of  the  brain  through  the  nerve  protoplasm,  and  that  it  was  the  action  of 
alcohol  on  this  protoplasm  which  was  primarily  responsible  for  the 
laziness  of  the  puppies. 

Requirements. — Fresh  rabbit's  or  sheep's  brain.  Fig.  19  of  proto- 
plasmic molecule.    Fig.  20  of  brain,  nerve,  muscle. 

In  the  last  lesson  we  learnt  that  puppies  which  drank  a 
little  alcohol  every  day  were  not  so  healthy  as  water  drinkers. 
How  did  they  show  this  ?— They  did  not  fetch  balls  nearly  so 
well.  What  part  of  their  bodies  seemed  specially  to  be  hurt 
by  the  alcohol  ? — The  parts  chiefly  concerned  in  movement — 
the  muscles.  At  fii-st  the  muscles  were  probably  not  much 
hurt^  but  as  time  went  on  and  they  were  not  used,  they  must 
have  got  "  flabby."  What  does  this  mean  ?— Usually,  if 
healthy,  a  muscle  is  like  a  bit  of  stretched  elastic,  all  ready  to 
begin  to  shorten. 

If  it  is  flabby  it  will  take  longer  for  it  to  shorten,  for  it 
has,  as  it  were,  to  be  tuned  up  first  a  little  bit  tighter,  like  a 
violin  string. 

But  from  the  very  beginning,  the  dogs  who  had  alcohol 
were  less  active  than  the  others,  though  at  first  their-  actual 
muscles  were  probably  not  enough  hurt  by  the  alcohol  to 
account  for  the  difierence  in  their  powers  of  movement.  They 
were  more  sleepy  fi'om  the  first ;  they  did  not  want  to  fetch 
the  baUs.  What  part  of  your  body  is  it  that  thinks  about 
thmgs  and  wants  to  do  things  ? — Brain. 

What  is  brain  ?— It  consists  chiefly  of  the  most  important 
substance  m  the  world— a  substance  formd  in  all  living  thino-s 
the  hvmg  part  of  them— protoplasm,  the  life  substance  itself' 
ihis  protoplasm  is  m  aU  parts  of  your  body.    Suggest  a  few 
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of  these  parts  to  me  ? — Muscle,  blood.  What  is  protoplasm 
like  ? — We  can  only  see  it  if  we  make  it  look  very  much  larger 
by  using  the  lens,  as  in  a  microscope.  It  seems  then  to  be  a 
colourless  jelly-like  siibstance  with  tiny  grains  of  food  material 
in  it.  What  chemical  substances  would  you  expect  it  to  be 
chiefly  made  of  ?  Would  you  expect  to  find  lead  or  zinc 
forming  part  of  it  ? — No.  It  chiefly  consists  of  the  same 
things  as  we  find  in  food  materials,  e.g.  carbon,  oxygen,  and 
some  other  very  important  substances  we  shall  find  in  foods 
later  on.  Protoplasm  is  always  changing,  always  taking  up 
into  each  of  its  molecules  more  molecules  containing  carbons, 
oxygens,  etc.,  and  giving  up  others.  Because  it  is  alive  it 
has  this  power  to  change  and  break  down  the  foods  and  use 
them. 

'Just  now  we  want  to  think  of  brain,  which  is  chiefly  made  up 
of  this  wonderful  protoplasm. 

Here  is  a  picture  of  the  human  brain,  taken  out  of  its  hard 
protecting  brain  case,  what  we  call  the  head  or  skull,  and  here 
I  have  a  rabbit's  brain  just  to  show  you  how  very,  very  soft 
and  delicate  a  thing  it  is.  Of  course  you  are  not  looking  at 
protoplasm  itself,  but  at  different  substances  which  have  been 
made  by  it  from  the  food  this  animal  supplied  to  it. 

What  do  we  do  with  our  brains  ? — We  think ;  decide  wliat 
to  do. 

We  don't  know  how  protoplasm  gives  us  this  power  of 
thinking  and  willing,  but  we  know  that  we  can't  think  well 
if  the  protoplasm  is  not  supplied  with  proper  food.  (See  back.) 
It  also  breaks  up  some  food  (molecules)  and  makes  some  of 
them  join  with  oxygen,  and  what  will  be  produced  then  '{—- 
Energy.  Perhaps  it  is  this  energy  that  is  used  for  thought. 
Would  you  expect  that  protoplasm  would  somehow  have  to 
help  m  the  union  of  oxygen  and,  say,  carbon  of  food  in  the 

brain  ?  •  ■  j 

Remember  what  happened  when  iron  and  oxygen  jomed 
in  the  cold.    What  had  to  be  present  ? — Water. 

What  help  did  we  give  to  copper  oxide  and  fat  before  the 
fat  and  copper  oxide  were  broken  up  and  the  oxygen  jomed 
with  the  carbon  of  fat  ?— Heat  from  a  flame.  Help  of  some 
kind  was  necessary,  and  in  the  brain,  protoplasm  gives  that 
help.  So  protoplasm  has  a  great  deal  to  do  and  needs  to  be 
alive  and  healthy. 
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Imagine  a  protoplasm  molecule  made  up  of  hundreds  of 
carbons,  oxygens,  and  other  substances,  to  which  we  will  give 
the  letters  N,  S,  P,  with  hundreds  of  arms  stretching  out  and 
taking  to  itself  more  molecules  of  different  substances,  perhaps 
a  carbon  from  one  fat  molecule,  and  the  oxygen  from  elsewhere, 
and  joining  them  together  and  sending  them  off  as  carbon  di- 
oxide gas. 

Why  does  protoplasm  thus  need  to  oxidise  food  ? — Because 
energy  is  requii'ed  among  other  things  for  thought  and  will. 
What  three  things  then 
must  be  present  in  brain 
for  good  thought  ? 

1.  Right  food. 

2.  Oxygen. 

3.  Healthy  protoplasm. 
(N.B. — Food  and  oxygen 

discussed  later.  The  proto- 
plasm molecule  always  con- 
tains carbon,  hydrogen, 
oxygen,  nitrogen,  phosphor- 
ous, and  sulphur.) 

If  for  any  reason  the  pro- 
toplasm can't  do  this  work 
of  breaking  down  energy, 
giving  molecules  of  material, 
and  using  part  of  them  to 
join  with  oxygen,  what  will  happen  to  your  thinking  and  willing 
power  ? — It  will  be  much  lessened,  for  there  will  be  less  energy. 
Wlien  you  are  asleep  the  protoplasm  of  the  brain  is  much  less 
active,  it  rests,  but  then,  you  don't  want  to  think  or  work. 

When  people  have  teeth  out,  what  does  the  dentist  give 
them  ? — Gas  ;  and  they  become  unconscious,  not  able  to 
think  and  will,  also  they  don't  feel  pain  ;  this  is  because  the 
gas  gets  to  the  protoplasm  of  the  brain  and  poisons  the  proto- 
plasm— so  that  it  can  no  longer  work  properly,  no  lono-er 
seizes  on  the  food  molecules  and  breaks  them  up,  and  80,^8 
no  such  changes  go  on,  there  is  no  energy  given  out.  In  time, 
if  too  much  gas  was  given,  the  person  would  die,  which  means 
the  protoplasm  would  die  and  lose  for  ever  the  power  to  do 
its  work.  This  is  the  way  people  get  killed  who  leave  gas 
turned  on  but  not  aUght  in  bedroom. 


Fat  molecule 


Carbon  dioxide 
set  free 


Protoplasn 
molecule 


molecule 

Water  being  set  free 

Fig.  19. — Schematic  representation  of 
protoplasm  molecule. 
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Now  let  us  go  back  to  our  puppies  who  had  alcohol  with 
their  food.  What  did  I  tell  you  it  made  them  ? — Sleepy. 
They  didn't  want  to  do  anything.  Why,  do  you  think  ? — 
The  alcohol  they  had  taken  went  to  the  brain  cells,  just  as  gas 
does  when  the  dentist  gives  it  and  in  the  same  way  as  the 
food.  There  it  partly  poisoned  the  protoplasm,  which  couldn't 
do  its  work  of  setting  free  energy  from  the  food,  and  those 
puppies  couldn't  think  about  fetching  the  balls,  much  less 
want  to  do  so. 

But  there  is  still  another  point  in  this  question  of  how 
puppies  come  to  fetch  balls.  Think  of  a  water  -  drinking 
puppy.    He  sees  the  ball  thrown.    His  brain  is  healthy  and 


Fig.  20. 


workiag,  and  he  wants  to  fetch  it.  How  does  the  message 
from  the  brain  protoplasm  get  to  the  muscles  which  have 
to  move  before  he  can  do  what  he  wants.  Here  is  a  picture 
to  explain  : 

P  represents  a  little  mass  of  protoplasm  in  the  brain. 
M  is  tlae  muscle  of  a  rabbit's  hind -leg  with  tendon  T 
from  "  bone."  These  two  are  joined  by  a  regular  path  of 
protoplasm  through  the  body  to  the  muscle.  Such  a  path  we 
call  a  nerve-fibre,  and  every  muscle  receives  such  nerve-fibres 
leading  from  the  protoplasm  of  the  brain.  When  there  is  a 
special  desire  to  do  something,  some  change  occurs  in  the 
brain  protoplasm,  and  that  causes  fm-ther  change  in  the  proto- 
plasm of  the  nerve  path,  which  acts  as  a  message  to  the  muscle 
to  shorten  or  lengthen  in  order  to  get  the  movement  required. 
If  the  nerve  coming  to  a  certain  muscle  is  cut  in  an  accident, 
that  muscle  no  longer  lengthens  or  shortens.    The  alcohol 
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drinking  puppy  can't  work  because  of  tlie  alcohol ;  the  puppy's 
protoplasm  is  deadened^  the  right  changes  don't  occur  in  it, 
and  no  changes  pass  down  the  nerve  path  to  the  muscle,  which 
gets  no  message  and  does  not  lengthen  or  shorten. 

(Go  back  to  rabbit's  leg  and  look  at  nerve  (a  collection  of 
nerve-fibres)  lying  between  extensor  and  flexor  muscles.) 
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■^M. — To  show  presence  of  alcohol  in  ale  and  so  explain  wliy  certain 
ale-drinking  bricklayers  worked  more  slowly  than  their  teetotal  fellows. 

Requirements.— Muscle.  Nerve  (Fig.  20).  Small  flask  (200  c.c. 
or  one-third  pint  capacity)  corked,  with  glass  tube  about  16  in.  long 
passing  just  through  the  cork.  Spirit-lamp.  Ale  (one-third  of  a  pint)T 
Methylated  spirit. 

In  the  last  lesson  we  discussed  why  a  little  alcohol  made 
puppies  sleepy  and  not  anxious  to  fetch  balls.  Every  one 
write  down  why.  Alcohol,  it  is  thought,  can  be  oxidised  in 
the  body,  and  what  should  we  expect  it  to  give  ? — Energy. 

But  what  does  it  do  to  the  protoplasm  of  the  brain  ? — It 
poisons  it.  What  things  lead  away  from  the  protoplasm  of 
brain  ? — Nerve -fibres  or  paths  of  protoplasm.  Where  do 
they  go  ? — To  all  the  muscles.  What  passes  down  them  ? — 
Some  change  through  the  protoplasm.  WTiat  does  this  do 
to  muscle  ? — It  acts  as  a  message  to  muscles  which  change 
accordingly,  and  show  it  by  lengthening  or  shortening.  What 
does  this  pull  ? — Tendons  which  pull  bones.  What  does 
alcohol  do  to  brain  protoplasm  ?— Poisons  it  so  that  changes 
in  it  don't  take  place,  and  no  message  is  sent  down  to  the 
muscles,  and  movement  does  not  take  place.  So  though 
alcohol  can  perhaps  be  oxidised  in  the  body  it  was  not  a  good 
food  for  the  puppies,  because  it  poisoned  their  brain  life- 
substance.  Every  one  make  for  themselves  a  pictm-e  like 
the  one  I  made  for  you  last  time,  to  show  you  how  healthy 
protoplasm  is  always  working.  Use  following  letters  :  C,  H, 
0,  N,  S,  P. 

Here  is  another  story  about  men,  not  puppies,  to-day.  (See 
also  Board  of  Education  Syllabus,  p.  13  (c).) 

Some  men  were  making  bricks.  Some  drank  a  glass  or 
two  of  beer  with  their  food,  some  were  water  drinkers.  By 
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calculating  it  was  found  that  on  the  average  each  water 
di-inker  made  795,400  bricks  a  year,  each  beer  drinker  made 
760,269  bricks  a  yeav. 

Every  one  write  down  which  made  the  most,  and  how  many. 
Also  the  best  workman  among  the  teetotal  men  made  10,000 
more  in  the  year  than  the  best  beer  drinker. 

Can  you  suggest  any  reason  why  beer  should  thus  make 
one  set  of  men  think  and  move — for  it  is  chiefly  movements 
that  are  concerned  in  brick-making — so  much  slower  than 
another  set  who  had  no  beer  but  drank  water  instead  ? 

If  there  was  alcohol  in  beer,  would  you  expect  it  to  slow 
these  men's  movements  ? — It  would  act  just  as  with  the  dogs, 
it  would  make  the  braiii  protoplasm  less  active,  and  so  the 
movements  would  be  slower. 

How  may  we  try  to  find  out  if  there  is  any  alcohol  in  ale  ? — - 
We  know  that  alcohol  burns.  Will  ale  burn  ? — Try  to  light 
a  few  drops  in  an  evaporating  dish.  It  does  not  burn ;  but 
perhaps  there  are  other  things  in  ale  besides  alcohol,  and  they 
may  stop  it  from  burning.  I  mix  in  this  evaporating  dish 
seven  teaspoonfuls  of  water  with  half  one  of  alcohol  or  methyl- 
ated spirit  and  try  to  light  it.  Will  it  burn  ? — No.  Can  we 
drive  the  alcohol  out  of  the  water  and  bm-n  it,  if  it  comes 
away  alone  ?  Should  you  expect  water  or  alcohol  to  come 
away  first  from  a  mixture  of  the  two  ?  Does  the  one  become 
a  vapour  quicker  than  the  other  ? 

(Drop  a  spot  of  alcohol  on  one  child's  hand  and  a  similar 
drop  of  water  on  another  child's  hand.)  Which  drop  goes 
away  quickest  ? 

Meanwhile  here  in  this  flask  (J  full  of  the  mixture)  I  have 
water  and  methylated  spirit  (or  alcohol)  in  proportion  of  14  to  1 ; 
the  flask  is  corked  and  a  hollow  glass  tube  16  in.  long  is  passed 
just  through  the  cork  (with  15  in.  projecting  into  air  above). 
What  do  you  think  that  is  for  ?— If  the  alcohol  comes  ofi  first 
It  win  pass  up  the  tube  into  the  air.  What  can  we  do  to  prove 
to  ourselves  that  it  is  coming  off  ?— Set  light  to  it.  I  heat 
gently  and  every  few  seconds  put  a  lighted  match  to  the  end 
of  the  tube.  After  a  time,  as  the  liquid  begins  to  boil,  the 
vapour  comnig  from  the  tube  lights.  Notice  time.  (Only 
heat  enough  to  keep  alight ;  don't  overheat  or  the  water  will 
rush  up  the  tube.) 

iiter  a  time  the  liquid  in  flask  boUs  faster  and  the  vapour 
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issuing  no  longer  liglits.  (Note  time;  how  long  has  the 
flame  lasted  ?)  What  do  you  now  see  ?— Steam  issuing. 
How  can  we  show  it  is  steam  ?— By  the  (copper  sulphate)  blue 

crystal  test.    What  came  off  first  from  the  mixture  ?  

Alcohol  vapour.  Alcohol  is  a  substance  that  becomes  a 
vapour  (evaporates)  much  quicker  than  water*  [or  a  little 
heat  energy  makes  its  molecules  move  out  of  the  liquid  mixture 
much  more  quickly  than  the  water  molecules  do].  * 

Now  we  will  see  if  we  can  find  alcohol  in  ale  in  the  same 
way._  Repeat  experiment.  Every  one  draw  apparatus  while 
this  is  done  except  two  pupils  who  come  out  and  notice  how 
long  the  flame  burns,  and  if  any  alcohol  comes  off.  At  the 
end  do  you  notice  steam  coming  off  ?  What  is  the  result  ? — 
There  is  about  the  same  amount  of  alcohol  in  ale  as  there  was 
in  our  mixtm-e,  that  is,  14  of  water  and  other  things  to  1  of 
alcohol. 

Now  can  you  tell  why  ale  made  the  brick-makers  who 
drank  it  less  qidck  in  their  movements  ? — The  alcohol  in  the 
ale  poisoned  their  brain  protoplasm,  fewer  messages  were  sent 
to  the  muscles,  which  made  fewer  movements,  and  so  less 
bricks  were  made. 
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Am. — To  discover  if  sugar,  starch,  salt,  and  white  of  egg  can  all 
pass  through  animal  parchment,  and  so  may  be  expected  to  get  through 
the  wall  of  the  digestive  tube. 

Reqtjieements. — Diagram  of  digestive  tube  (21)  enlarged  without 
arteries.  4  squares  of  animal  parchment.  4  small  vessels  of  distilled 
water.  2  boxes  with  cardboard  lids.  Sugar.  Starch.  Salt.  White  of 
egg.  Scissors. 

We  have  been  thinking  about  certain  foods^  and  have 
found  that  they  can  be  oxidised  and  that  they  pass  to  the 
muscles  and  are  there  oxidised,  giving  the  energy  to  those 
muscles  so  that  they  can  move  in  shortening  and  lengthening. 
Now  the  question  is,  How  do  the  foods  we  eat  get  from  the 
mouth  to — well  shall  we  say  the  muscle  which  moves  the  big 
toe  1 — The  food — suppose  it  is  a  boiled  graio  of  rice — passes 
into  the  digestive  tube,  which  as  you  see  here  is  a  tube.  It  is 
centrally  placed  in  your  body,  but  nowhere  opens  into  the 
body.  Then  to  reach  the  big  toe,  what  has  food  got  to  get 
through  ? — The  wall  of  the  digestive  tube  first.  Here  I  have 
an  animal  parchment  which  was  part  of  the  lining  of  the  wall 
of  such  a  tube.  Can  such  a  food  as  sugar  go  through  this 
parchment  ? 

How  can  we  arrange  an  experiment  to  try  ?  Is  the  wall  of 
the  digestive  tube  dry  ? — No,  it  is  in  very  much  the  same 
condition  as  the  thin  lining  of  your  mouth  and  throat,  i.e. 
quite  moist,  and  just  as  you  find  you  can  brmg  liquid  into  youi 
mouth  so  liquid  is  also  poured  into  the  digestive  tube  by  cells 
forming  its  wall.  In  what  other  ways  is  liquid  added  to  food 
in  digestive  tube  ?— By  drmking.  So  the  digestive  tube  has 
liquid  in  it  much  of  which  is  water.  What  happens  to  rice 
when  you  put  it  in  your  mouth  ?— You  chew  it  up  and  mix 
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it  up  and  moisten  it  witli  liquid  in  your  mouth  and  swallow 
the  moist  ball  thus  formed.  So  if  we  want  to  see  if  food  as 
we  swallow  it  will  pass  through  the  membrane  or  lining  of 
digestive  tube,  what  ought  we  to  do  ?— Mix  up  the  food  with 
water  first  and  soak  the  parchment  in  water  also. 

The  foods  we  will  try  shall  be  salt,  treacle,  starch,  and 

white  of  egg.  Can  any 
one  suggest  how  to  arrange 
the  experiment  so  as  best 
to  imitate  conditions  in 
digestive  tube  ?  —  Make 
the  parchment  square  into 
a  little  vessel  with  four 
corners,  so  that  the  solu- 
tion can  be  poured  into 
it,  and  then  arrange  the 
parchment  vessel  sus- 
pended with  its  base  in 
pure  water  ;  e.g.  place  the 
water  -  containing  vessels 
in  a  box,  cut  out  slits 
from  its  lid,  and  by  pass- 
ing fine  string  through 
the  corners  of  the  parch- 
ment vessels  suspend 
these  from  strips  of  the 
box  lid  with  bases  just 
resting  in  the  water. 
Really  the  digestive  tube 
is  simply  moist  on  the 

Pig.  21. — Digestive  tube  showing  some  arteries.  OUtside,   and    has  other 

moist  parts  of  the  body 
packed  closely  around  it.  It  does  not  hang  iu  water,  as 
we  have  put  our  cups,  but  we  want  enough  water  to  test 
later  on. 

Arrange  4  such  parchment  cups  resting  in  distilled  water. 
Pour  into  "  1  "  a  strong  solution  of  treacle  and  water,  into 
"  2  "  a  mixture  of  white  of  egg  (half  white  of  egg  and  half 
water),  and  into  "  3  "  a  cooled  very  thin  starch  paste  made 
by  boiling  a  saltspoonful  of  starch  in  f-test-tube  of  water, 
and  into  "  4 "  some  salt  solution.     Of  course  be  carefiil 
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that  noue  of  the  solutions  run  over  into  the  water  vessels, 
as  the  object  is  to  discover  if  starch  or  white  of  egg  or 
sugar,  as  in  treacle,  or  salt  can  pass  through  the  parchment 
membrane. 

Four  children  come  out  and  make  solutions,  and  others  make 
parchment  cups  ;  rest  write  description  of  experiment. 


SECTION  XT 


Aim, — Continuation  of  Section  XIV. 

REQumEMENTS. — i  parchment  cups  as  arranged  in  Section  XIV. 
Iodine  solution.  2  evaporating  dishes.  Spirit-lamp.  Nitric  acid  and 
ammonia  (few  c.c.  of  each).    Large  jar  cold  water  for  cooling  test-tubes. 

Examine  the  four  cups  set  up  in  Section  XIV. 

How  can  we  tell  if  any  sugar  has  got  through  the  parch- 
ment ? — Taste  the  liquid  in  jar.  Evaporate  a  little  of  the 
liquid  from  the  parchment  cup  and  some  of  that  iu  the  jar. 
Each  becomes  sweeter.  Why  ? — Because  the  sugar  has 
passed  through  the  parchment.  Now  see  om-  water  is  all 
driven  ofi  and  we  get  a  black  treacly  mass.  Why  ? — Because 
the  sugar  molecules  are  split  up  by  the  heat  and  oxidised  and 
carbon  is  left. 

How  can  we  teU  if  any  salt  has  got  through  ? — Taste. 
Evaporate.    Here  we  get  actual  salt  back. 

How  can  we  tell  if  any  starch  has  got  through  ? — Taste. 
Evaporate.  No  starch  is  left  from  the  liquid  in  outer  jar. 
Why  can't  we  taste  it  ? — Starch  has  no  taste.  Instead  of 
tasting  we  will  do  a  very  pretty  test. 

Take  out  the  parchment  containing  the  starch,  and  pour 
off  a  few  c.c.  iato  test-tube.  Add  a  few  drops  of  this  yellow 
solution  of  iodine.  What  colour  comes  ? — Blue.  Starch  is 
the  only  thing  which  gives  that  colour.  Now,  how  shall  I 
find  out  if  any  starch  has  got  through  the  parchment  ? — Take 
some  of  the  liquid  from  the  jar  and  add  iodine.  Now  you  see 
we  get  no  colour.  Therefore,  no  starch  has  got  through  the 
parchment. 

*  (We  don't  know  quite  certainly  why  starch  can't  get 
through.  Some  people  think  that  it  is  because  it  has  such 
very  large  molectiles  made  up  of  so  many  different  parts  that 
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they  can't  push  in  between  the  parchment  molecules,  while 
the  smaller  ones  of  the  salt  an,d  sugar  can.)  * 

"Why  do  you  think  you  can  taste  and  smell  certain  things, 
e.g.  salt,  sugar,  lemon,  violets  ? — These  thmgs  dissolve  in  the 
liquid  in  which  the  lining  of  your  mouth  and  nose  are  bathed 
and  then  can  pass  through  the  lining  into  the  protoplasm  or 
life  substance  through  which  you  taste  and  smell. 

Can  you  taste  starch  if  you  put  it  on  your  tongue  ? — No. 
Starch  can't  pass  through  that  lining  any  more  than  it  passes 
through  the  parchment. 

{N.B. — If  kept  in  mouth  long  it  tastes,  for  it  is  changed  into 
a  slightly  sweet  sugar.    This  is  dealt  with  later.) 

When  dissolved  some  foods  also  can  easily  get  through. 

What  has  happened  to  our  white  of  egg  ? — The  evaporation 
of  the  liquid  from  jar  gives  no  remains  of  white  of  egg.  White 
of  egg  won't  pass  through  lining  or  membrane  of  digestive 
tube  apparently.    We  will  use  another  test  to  make  sure. 

I  will  take  a  little  of  the  white-of-egg  solution  from  the 
parchment  cup,  add  a  few  c.c.  strong  nitric  acid  and  boil. 
Note  yellow  precipitate.    Cool.    Add  a  few  c.c.  ammonia. 

Orange  colour  shows  presence  of  "  meaty  "  (see  Board  of 
Education  Syllabus  :  "  Proteine  ")  food. 

Repeat  experiment  with  liquid  in  which  the  test-tube  of 
white  of  egg  has  been  standing. 

No  change  is  shown.  Therefore  no  "  meaty  "  food  has 
passed  through  the  parchment. 

Children  make  three  columns  and  write  down  results  they 
have  seen,  thus : 


[Table 
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Food  which  passes  at 
once  through  wall  of 
digestive  tube. 

Food  whieh  will  not 
pass  tlii'ough  wall  as 
taken  into  mouth. 

Why  I  tliink  so. 

Sugar  (Treacle). 
Salt. 

t 

•  • 

Starch. 
White  of  egg. 

Because  it  ])assed  through 
the  parchment,  for  eva- 
poration of  the  Uquid 
outside  gave  a  sweeter 
hquid  which  charred  as 
sugar  does. 

It  tastes. 

Ditto.  But  it  was  re- 
covered unchanged  on 
evaporation. 

It  tastes. 

Because  the  hquid  out- 
side the  cup  gave  no 
starch  on  evaporation 
and  no  blue  colour  with 
iodine  as  the  hquid  in- 
side did. 

It  has  no  taste  or  smell. 

Ditto,  on  evaporation  and 
gave  no  yellow  precipi- 
tate   with    acid  and 
ammonia. 

It  has  no  taste  or  smell. 

All  experiments  by  scientists  confiim  what  you  have  been 
led  to  expect  by  above. 


SECTION  XVI 


Am. — To  revise  ideas  of  chemical  change  in  general  and  of  oxidation 
in  particular  by  preparing  and  burning  hydrogen. 

IlEQumEMENTS.— -Spirits  of  salt.  Granulated  zinc.  Water.  Litmus 
solution.  Evaporating  dish.  Test-tube  with  two-holed  cork.  Dehvery- 
tube.  Thistle  funnel.  Id.  toy  baUoon.  Clip.  2-m.  glass  delivery-tube 
drawn  out  into  fine  point.  10  test-tubes.  6  bits  of  clear  glass  such  as 
microscope  slides  or  clean  photographic  plates.  White  powdered  copper 
sulphate. 

Last  lesson  we  found  that  some  substances  would  pass 
through  parchment  and  some  would  not. 

What  passed  ? — Sugar  and  salt. 

What  did  not  ? — Starch  and  white  of  egg. 

Were  the  sugar  and  salt  changed  by  being  dissolved  ? — 
They  were  broken  up  too  smaU  *  (into  molecules)  *,  and  so  we 
could  not  see  them. 

What  happened  when  we  evaporated  sugar  solution  ? — It 
got  sweeter  and  sweeter  because  the  water  was  being  driven 
away  and  so  the  solution  left  stronger. 

Why  did  it  char  in  the  end  ? — Because  at  that  temperature 
sugar  is  oxidised.  *  {i.e.  The  molecide  itself  breaks  up  and  some 
of  the  carbon  can  get  no  oxygen  to  join  with^  and  is  left  behind 
as  a  black  mass.)  * 

What  happened  to  the  salt  solution  when  heated  ? — The 
salt  was  left  behind  unchanged. 

*  (Why  ? — Because  at  the  temperature  we  can  reach  with 
spirit-lamp,  salt  molecules  are  not  broken  up.)  * 

When  substances  dissolve  in  water,  most  of  them  are  not 
changed  or  their  molecules  broken  up,  or  altered  so  that  they 
cannot  be  got  back  by  evaporating  off  the  water. 

Now  we  will  try  to  dissolve  this  zinc  in  water.  H  come 
out  and  try.    Do  you  expect  it  to  dissolve  ? 
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Let  the  child  have  a  piece  of  zinc  in  5  c.c.  water  in  a  test- 
tube.  Heat.  Filter.  Evaporate.  Have  you  ever  seen  any 
vessel  made  of  zinc  ?— Baths.  Also  iron  roofs  are  often 
covered  with  zinc  and  called  "  galvanised."  Why  are  they 
thus  covered  ? — To  prevent  air  oxidising  or  "  rusting  "  the 
iron.  If  zinc  dissolved  in  water  could  we  use  it  for  baths  and 
covering  roofs  which  will  be  out  in  rain  ? — No.  So  we  are  not 
surprised  that  zinc  does  not  dissolve  in  water. 

Here  I  have  another  liquid.    Is  it  water  1 

Pour  a  few  c.c.  spirits  of  salt  into  evaporating  dish,  add 
twenty  times  as  much  water.  Let  four  children  dip  tip  of 
finger  in  and  taste  and  describe  what  it  is  like.  Why  can  you 
taste  it  ?    (See  previous  lesson.) 

Pour  a  few  drops  into  a  test-tube  and  add  litmus  solution. 

What  does  the  colour  remind  you  of  ? — That  given  by 
carbon  dioxide  in  water,  only  much  pinker. 

Everything  that  makes  litmus  pink  we  call  an  acid.  So  we 
sometimes  call  carbon  dioxide,  carbonic  acid  gas.  Now  you 
see  why  we  had  to  make  sure  always  that  it  was  really  carbonic 
acid  gas  we  had  got  by  passing  it  into  lime-water.  If  it  only 
turned  litmus  pink  it  might  have  been  this  acid  or  even  vinegar. 
(Add  some  vinegar  to  litmus  solution  and  show  it.  It,  too, 
turns  litmus  pinldsh,)  So  carbon  dioxide  gas,  this_  acid  I 
now  show  you  called  spirits  of  salt,  vinegar,  lemon  juice,  and 
many  others  are  all  acids.  Will  this  spirits  of  salt  dissolve 
the  zinc  ? 

Ten  chUdren  come  out  and  each  fetch  a  test-tube  containing 
a  few  small  pieces  of  rough  "  granulated  "  zinc. 

Why  should  we  use  rough  zinc  and  not  thick  smooth  pieces 
like  that  our  baths  are  made  of  ? — The  roughness  gives  a 
larger  surface  for  the  acid  to  attack.  (Then  one  child  goes 
round  and  adds  a  few  c.c.  of  the  acid  solution  to  each  of  the 
ten  test-tubes.)  Every  one  watch,  and  then  write  exactly 
what  they  saw.  The  first  finished  read  out  account.  Has 
any  one  noticed  anything  else  ? — The  zinc  dissolves.  Gas  is 
given  off  and  bubbles  through  the  liquid;  test-tube  gets 
warm  (collect  ten  test-tubes). 

Person  giving  best  account  come  oUt  to  help  do  next 
experiment. 

What  is  the  gas  given  of!  ?— It  might  be  carbomc  acid  gas. 
How  shall  we  test  it  ? — Pass  it  into  lime-water. 
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{For  teacher.  Arrange  as  follows  :  Seven  or  eight  pieces 
of  zinc  just  covered  with  water  in  tube  T,  Thistle  funnel  F 
(with  end  dipping  below  liquid)  and  delivery-tube  D  passed 
through  cork.    Delivery- tube  dipping  into  lime-water.) 

Potir  strong  acid  down  F.  What  will  the  first  gas  driven 
out  be  ? — Air ;  so  leave  for  two  or  three  minutes,  and  if 
necessary  pour  more  acid  down  F.  But  the  lime-water  is 
unchanged.  Therefore  the  gas  is  not  carbon  dioxide  gas. 
It  is  called  hydrogen,  and  it  is  used  to  fill  balloons  because  it 
is  very  light.  Will  this  gas  burn  ?  Does  carbon  dioxide 
gas  burn  ? — No.    It  is  actually  found  when  coal  burns  or 


Fig.  22. 


we  breathe,  and  we  know  it  does  not  catch  fire  in  the  air 
around  us. 

{N.B. — Don't  apply  light  to  end  of  delivery-tube,  or  we 
may  have  a  bad  explosion.) 

{For  teacher.  Instead  of  delivery-tube  push  into  cork  of 
test-tube  a  straight  tube  with  a  collapsed  penny  toy  balloon 
B.  Pour  acid  into  test-tube,  and  only  when  first  rush  is 
over  push  in  the  cork,  thus  making  certain  that  tube  is  fuU 
of  hydrogen.  If  sufficient  acid  has  been  added  the  balloon 
will  slowly  distend,  filling  with  hydrogen.  Pass  the  clip  up 
and  clip  the  balloon,  removing  it  at  once  from  the  tube  to 
which  it  is  attached,  or  the  pressure  wiU  blow  out  the  cork 
or  smash  the  test-tube.  Now  we  have  our  balloon  of  hycbogen 
gas.) 

I  push  in  this  glass  tube,  H,  drawn  out  to  a  fine  point,  of 
course  still  keeping  the  clip  closed. 

Now  I  want  to  burn  the  hydrogen.  What  shall  I  do  ? — 
Open  the  clip  and  gently  press  the  balloon,  holdmg  the  tip  of 
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glass  tube  in  a  spirit-lamp  flame.  What  happens  ? — The 
hydrogen  lights  at  once  and  burns  with  a  yellow  flame. 

{N.B. — To  teacher.  This  colour  is  really  due  to  sodium 
from  the  glass,  for  hydrogen  flame  is  colourless ;  but  no  need 
to  trouble  the  children  with  this  now.) 

WhUe  I  keep  the  clip  open  and  there  is  any  gas  in  the 
balloon  the  flame  is  steady,  and  by  a  little  pressure  on  the 
balloon  I  can  get  a  bigger  one. 

Watch  what  happens  when  I  hold  this  flame  for  a  second  or 
two  against  a  clear  glass  plate.  The  plate  is  dimmed.  Perhaps 
water  is  formed.  If  I  hold  the  flame  too  long  in  one  place 
what  wiU  happen  to  this  water  ? — It  will  be  evaporated  ofi 
and  vanish.  The  same  thing  happens  if  I  hold  flame  against 
a  warm  glass  surface.  Use  a  cold  glass  and  then  the  water 
formed  condenses  on  it.  How  could  you  show  it  is  water  ? — 
Drop  white  copper  sulphate  dust  on  the  damp  plate.  Now 
children,  describe  the  experiment  to  show  that  hydrogen  gas 
forrns  water  when  it  burns.  The  five  who  do  it  best  shaU 
have  a  balloon  each  next  lesson,  and  collect  and  burn  the 
hydrogen. 

(]V.5. — The  colder  the  glass  plate  on  which  the  flame  is 
played  the  better,  as  only  a  very  minute  trace  of  water  is 
obtained.  Powder  the  copper  sulphate,  and  to  see  blue  tinge 
produced  in  it  tm^n  the  glass  over  and  view  through  it.) 


SECTION  XVII 


Aim. — To  emphasise  the  idea  that  oxidation  is  a  source  of  energy. 
Requirements. — Same  as  for  Section  XVI.,  only  5  balloons  wanted, 
also  carbon,  copper  oxide.    Bits  of  glass.    Magnesium  ribbon. 

Tlie  five  children  who  wrote  the  best  accounts  last  time  can 
come  early  and  fill  their  balloons.  (If  they  can  also  be  allowed 
to  draw  out  their  own  glass  tubes  and  get  everything  ready 
for  themselves  before  the  lesson,  so  much  the  better.)  If  five 
clips  are  not  available,  the  ordinary  buttons  sold  with  the 
balloons  must  be  pushed  in  while  the  balloon  is  kept  pinched 
a  little  higher  up  with  the  finger  and  thumb. 

(If  this  has  to  be  done  in  the  lesson,  let  the  other  children 
draw  the  apparatus  used,  etc.)  When  the  five  balloons  are 
filled,  let  each  child  do  an  experiment  with  the  hydrogen  flame 
to  show  something  about  it ;  e.g. : 

1st  Child. — Let  the  flame  play  on  a  cold  clear  glass  surface 
and  show  that  water  is  being  formed  which  is  evaporated  ofi 
by  heat  of  the  flame. 

2nd  Child. — Let  the  flame  play  on  some  carbon  on  the 
upturned  bottom  of  an  evaporating  dish. 

What  do  you  see  ? — The  carbon  gets  red-hot  and  burns. 
Will  an  ordinary  spirit-lamp  flame  make  carbon  red-hot  at 
once  ? — Hold  a  little  carbon  in  mouth  of  bit  of  glass  tube  in 
spirit-lamp  flame.  Therefore  hijdrogen  in  burning  to  fonn 
water  gives  out  great  heat,  more  than  spirit  when  it  burns  gives 
out. 

3rd  Child. — Direct  her  flame  on  a  bit  of  magnesium  ribbon. 
Let  another  child  hold  a  match  flame  to  a  similar  piece  of 
magnesium  ribbon.-  Again  we  see  hydrogen  flame,  being 
hotter,  causes  magnesium  ribbon  to  burst  into  flame  at  once. 

4:lh  Child. — Mix  up  together  as  much  copper  oxide  and 
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carbon  as  will  lie  on  a  penny ;  spread  on  a  piece  of  glass  and 
let  hydrogen  flame  play  on  the  mixture.  What  happens  ? — 
Some  of  the  mixture  turns  reddish.  Why  ? — The  oxygen  has 
been  stolen  from  the  copper  oxide  and  the  copper  is  left  alone. 

How  much  heat  did  we  want  when  we  did  tliis  experiment 
before  ? — Heat  of  spirit-lamp  flame  when  blowpipe  was  used. 

hth  Child. — Again  show  formation  of  water. 

Children  write. 

What  do  all  the  five  experiments  we  have  just  done  tell  us 
about  hydrogen  when  it  burns  ? — "  When  hydrogen  burns  it 
forms  water  and  at  the  same  time  gives  out  a  large  amount  of 
heat." 

Hydrogen  will  explode 
if  lighted  at  A 


Hydrogen  in  this 
will  burn  quietly 


I'm.  23 

What  does  it  mean  when  something  "  burns  "  in  air  ?— It 
joins  with  oxygen — is  oxidised. 

When  magnesium  joined  with  oxygen  what  did  we  call  the 
white  powder  formed  ?— Magnesium  oxide.    So  now  when, 
hydrogen  jouis  with  oxygen  what  shall  we  call  the  water  which 
is  formed  ? — Hydrogen  oxide. 

On  Board :  Hydrogen  oxidises  into  hydrogen  oxide  or  water, 
and  gives  out  much  heat  in  doing  so.  -n-i  » 

.  *  (What  did  we  say  heat  was  ?— A  form  of  energy.  Why  ? 
—Because  it  really  causes  quicker  movement  of  molecules, 
so  when  we  make  hydrogen  burn  we  get  a  supply  of  energy 
from  it,  in  the  form  of  heat.)  *  v  i    •        r  ^ 

When  hydrogen  is  mixed  with  oxygen  and  a  bght  is  apphed 
a  big  explosion  is  the  result. 

Why  should  a  mixture  of  hydrogen  and  oxygen  thus  ex- 
plode when  the  hydrogen  coming  out  from  a  small  jet  bm-ns 

quietly  1  , ,    t  i 

If  we  have  a  balloon  with  a  mixture  of  hydrogen  and  ox}-gen 
inside  and  raise  the  temperatui-e  by  bringing  a  light  to  the 
mouth,  the  particles  of  hydrogen  and  oxygen  at  the  opemng 
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unite,  their  flame  lights  the  next,  aud  in  a  second  all  the 
hydrogen  unites  with  all  the  oxygen  and  forms  what  ? — Water. 

What  is  given  out  besides  ? — Great  heat.  *  (What  does  this 
do  to  the  water  ? — Makes  the  molecules  move  very  quickly 
apart  from  each  other,  forming  water  vapour.  These  mole- 
cules rushing  in  great  numbers  against  the  side  of  the  vessel 
or  the  balloon,  burst  it,  and  there  is  your  explosion  due  to  the 
energy  given  out  by  the  oxidising  hydrogen.)  * 

What  happens  when  you  have  a  balloon  full  of  pure  hydrogen 
and  bring  a  light  to  its  mouth  ? — Only  the  hydrogen  at  the 
mouth  burns.  Why  ? — It  alone  has  oxygen.  Hydrogen  all 
has  to  come  to  the  mouth  to  get  oxygen,  and  water  vapour 
formed  there  can  of  course  get  away  easily  into  surrounding 
air.  Hydrogen  explosion  is  a  good  example  of  the  energy 
which  oxidation  of  hydrogen  produces.  There  is  as  much 
energy  set  free  when  this  balloon  full  of  hydrogen  burns 
quietly  at  the  mouth  as  when  it  all  burns  at  once  and  so 
explodes.  The  energy  given  out  only  depends  on  the  amount 
of  hydrogen  oxidised,  not  on  the  time  it  takes  to  oxidise  it. 
How  do  we  get  heat  energy  for  warming  ourselves  ? — By 
oxidising  coal  or  carbon.  What  oxide  is  formed  then  ? — 
Carbon  dioxide  gas. 

If  we  oxidise  or  burn  coal  quickly  what  sort  of  fire  do  we 
have  ? — A  very  hot  one. 

If  we  burn  more  slowly  we  have  less  heat  from  our  fire  at 
any  one  moment,  but  it  lasts  longer.  Amount  of  heat  energy 
actually  given  out  from  a  scuttle  of  coals  is  the  same  whether 
it  takes  one  hour  or  twenty-four  hours  to  burn  it. 

Summary. — Whenever  carbon  or  hydrogen  is  oxidised 
much  energy  is  given  out,  as  shown  when  a  quantity  of 
hydrogen  is  oxidised  quickly,  by  the  explosion  which  follows. 


P 


SECTION  XVIII 


Aim.— To  get  some  idea  of  the  protoplasmic  cell  as  the  builder  of  the 
body. 

Requtbements.— Rabbit's  leg,  as  used  in  Section  XI.  Pemiyworth 
of  yeast.     Fig.  20  from  Section  XII.  Fig.  24,  yeast  ceU.    Fig.  25, 
gelatme  models.    Fig.  26,  brain  ceU.    Fig,  27,  muscle  ceU.    Fig.  28 
tendon  fibres.  ' 

t 

Last  lesson  we  burnt  a  gas,  what  is  it  called  ? — Hydrogen. 
When  it  burns,  what  does  it  do  ? — Joins  with  oxygen  and 
forms  water. 

What  happens  if  you  mix  oxygen  and  hydrogen  together 
and  set  light  to  the  mixtm-e  ? — Explosion.  Why  ? — The 
oxygen  and  hydrogen  in  joining  give  out  much  energy  *  {i.e. 
the  molectiles  of  water  formed  move  very  quickly,  and  in 
hui-rying  away  burst  the  vessel  in  which  they  are  contained).  * 

Is  as  much  energy  given  out  if  you  make  the  hydi'ogen  joiu 
slowly  with  oxygen  as  at  the  fine-drawn-out  poiat  ? — Just  as 
much  ia  the  long  run  if  you  burn  up  all  the  hydrogen.  What 
is  made  when  hydrogen  burns  ? — Water.  ^Vhen  else  have 
you  made  water  ? — When  we  oxidised  suet ;  when  the  candle 
fat  burned.  So  what  must  there  have  been  in  the  suet  and 
candle  fat  ? — Hydrogen.  Starchy  foods  also  contain  hydrogen 
but  already  joined  with  oxygen.  As  we  eat  fatty  foods  wo 
eat  bodies  containing  hydi'ogen. 

What  else  do  we  know  is  in  the  fat  and  starch  molecule  ? — 
Carbon.  Why  ? — Both  char  when  there  is  not  enough  oxygen 
present ;  they  give  oii  carbonic  acid  gas  when  heated  with 
plenty  of  oxygen. 

What  happens  to  the  hydrogen  ? — That  will  also  oxidise 
and  form  water.  What  is  given  out  when  hydrogen  is  oxi- 
dised ? — Energy.    How  is  energy  used  up  in  the  body  ? — To 
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warm  the  body,  to  warm  liquids_,  etc.,  taken  into  the  body^ 
and  it  is  needed  for  movement. 

What  kind  of  movement  ? — Of  muscles.  What  else  is 
oxidised  in  the  body  and  supplies  energy  ? — The  carbon  of  the 
foods.  As  there  is  more  imoxidised  carbon  than  hydrogen  in 
our  food  it  supplies  even  more  energy  than  the  hydrogen. 
Wlien  we  want  to  oxidise  foods  outside  the  body,  what  do  we 
do  ? — -We  raise  their  temperature  to  a  certain  point,  and  we 
mix  them  with  some  body  like  copper  oxide  which  will  at  that 
temperature  give  up  oxygen  to  them. 

Ho  IV  are  these  foods  oxidised  in  the  body  ?    First,  what  about 
the  temperature  ? — It  is  much  lower  than  that  of  a  spirit-lamp 
flame,  or  we  should  char  away  just  as  meat  or  bone  does  in 
flame.    Where  does  the  oxygen  come  fi-om  ? — We  breathe  in 
air  containmg  oxygen,  it  is  true,  but  we  know  the  foods  don't 
jom  with  the  oxygen  of  the  air  at  ordinary  temperatures. 
How  can  the  body  get  the  oxygen  of  the  air  to  joki  with  and 
oxidise  the  food  at  the  temperature  of  the  body  ?    (Refer  to 
Section  XII.)    We  want  to  find  out  what  the  body  is  made 
of  to  answer  this  question  at  all.    What  would  you  say  is 
the  great  difference  between  your  body  and  the  carbon, 
hydrogen,  oxygen,  and  other  things  of  which  we  now  know  it 
is  made  up  ?— It  is  alive.    AU  animals  and  plants  differ  from 
the  rest  of  the  world  in  this,  that  they  are  alive  and  can  take 
certam  not-alive  thmgs  out  of  that  world  and  use  them  and 
change  them,  bmldmg  some  of  them  up  into  their  own  living 
substance  or  breaking  some  of  them  down  and  using  the  enero-y 
so  obtained  for  movement.    But  the  human  body  has  so  maSy 
different  parts,  each  with  different  uses,  that  it  is  better  in  order 
to  understand  what  being  "  alive  "  means  to  take  one  of  the 
simplest  living  things,  and  that  is  what  I  have  here.    (Slab  of 
yeast.)    Wnat  is  it  ?-"  Yeast."    (If  necessary  explain  how 
yeast  IS  used  m  making  bread.)    Had  you  ever  thought  yeast 
was     alive     before  ?    It  is  though.    If  I  take  this  little 
crumb  of  yeast  and  break  it  up  into  the  finest  possible  parts 
you  can  see  and  add  a  drop  of  water  to  still  fui'ther  separate 
the  parts,  and  then  look  at  it  under  the  lens  of  a  micrLope 
(which  makes  it  look  much  bigger  than  this  hand-lens  does) 
each  separate  part  is  a  living  thing,  which,  like  all  Hving  things 
can  use  not-lmng  thmgs  as  food.    What  does  one  of  those 
tmy  living  yeasts  look  like  ? 
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Each  is  so  small  that  3000  of  thera  placed  side  by  side  would 
just  stretch  across  a  length  of  one  inch.  Here  is  a  picture  of 
one  very  much  enlarged.  If  I  measure  witli  this  ruler  I  find 
it  is  5  inches  across.  How  much  bigger  is  it  than  the  real 
yeast  ? — 15,000  times  bigger.  How  many  real  yeasts  could 
I  get  into  this  big  picture  of  one  ?— 15,000.  And  here  is 
a  model,  made  in  gelatuie.  We  call  each  of  the  separate  yeasts 
a  cell  because  each  is  surrounded  by  a  sort  of  wall  of  different 
material  to  the  colourless  jelly-like  mass  inside.  It  is  this 
colourless  jelly-like  mass  which  is  the  living  part,  and  we  must 
learn  its  name  again,  for  every  living-  thing  beguas  life  as  just 
such  a  colourless  jelly-Uke  mass  of  living  material,  and  every 
living  thing  in  later  life  contains  from  one  to  millions  and 
millions  of  such  living  masses  or  cells.    It  is  the  same  substance 

^  ^  Food  material         ^^^^  Substance 

/<y^~^\^^>\^  m  toe  Dram  (Section 

/^n^y^^^^A  XII.) — protoplasm. 

'  / ^^(^^^^1  -Protoplasm  The  lining  of  the  diges- 
Space  containing  — -WP>J^^^Vr''/  tive  tube  is  formed  of 

water  wdh  aissoiuea  \\Ci-AxxXx^Z/  //  -it  h    ta-  i 

sugary  material  v(!vO^>V^  Wall  millions  01  CUnerentlv 

"  shaped  cells,  but  all 

Pig.  24.— Yeast  ceil.  alilfe  made  of  this  pro- 

toplasm, whose  chief 
duty  is  to  help,  as  we  shall  see,  in  getting  the  food  ready 
to  pass  through  the  digestive  tube  wall.  Your  muscles  are 
made  up  of  other  long-shaped  cells,  but  all  containing  livhig 
protoplasm,  part  of  the  duty  of  which  is  to  oxidise  the  food 
when  it  reaches  them.  What  other  duty  have  these  muscle 
cells  ? — To  lengthen  and  to  shorten.  In  your  brain  are  millions 
of  cells,  as  we  said,  all  made  up  of  Uving  protoplasm,  by  means 
of  which  you  think  and  will  to  act. 

I  told  you  that  every  animal  began  life  as  a  single  mass  of 
protoplasm,  which  we  call  a  cell.  How  does  that  single  cell 
give  rise  to  the  body,  with  its  brain,  bone,  muscle,  etc.  ? — It 
grows.  Yes,  and  you  can  see  that  in  the  body  of  any  animal, 
such  as  an  insect  or  a  cat  or  a  bird,  the  protoplasm  is  not  now 
one  connected  mass,  as  it  is  in  the  first  cell,  but  that  many 
different  substances,  e.g.  muscle,  fat,  bone,  hair,  are  present. 
How  have  they  been  made  ? 

{To  teacher. — To  make  cell  models  run  the  warm  gelatine 
solution  into  greased  paper  moulds,  pill  boxes  cr  anything 
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box-shaped.  Cut  out  when  set  and  stick  two  or  four  of  same 
size  together  by  moistening  one  side  of  each  with  a  httle 
methylated  spirit  and  pressing  together.)  .    ,   r.  . 

Suppose  this  himp  of  gelatine  represents  such  a  smgle  first 
cell.  The  protoplasm  grows,  and  when  it  reaches  a  certain  size 
it  divides  and  forms  two  cells  still  connected  together.  Next 


Fig.  25. — Gelatine  models. 


these  two  divide,  gi^^ng  4  cells  together,  and  so  the  cells  go  on 
dividing  regularly  till  perhaps  there  are  32  or  64,  all  much  the 
same  size  and  shape,  rather  rounder  than  I  have  been  able  to 
make  my  models,  partly  because  they  are  closely  pressed 
against  one  another. 

Then  the  protoplasm  in  some  of  these  cells  grows  more  than 


Fig.  26. — Brain  cells  and  part  of  nerve-fibre. 


in  others,  and  divides  more  rapidly,  and  the  mass  becomes  very 
irregular  in  shape.  Some  cells  grow  very  long  and  narrow, 
and  the  protoplasm  changes  on  the  outside  of  them,  forming 
a  soft  sheath  of  not-living  material.  These  become  muscle. 
Other  cells  in  what  has  now  become  the  head  end  of  the  original 
mass  of  cells  also  divide  many  times,  and  their  descendants 
are  star-shaped,  with  one  point  growing  out  into  a  very  long 
arm  or  fibre.  This  pushes  its  way  between  other  cells,  and  at 
last  forms  a  bundle  with  many  other  similar  fibres,  and  this 
bundle  we  call  a  nerve. 
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This  diagram  (Fig.  20,  Section  XII.)  is  one  brain  cell  with 
one  nerve-fibre.  How  can  I  represent  a  whole  nerve  ? — Put 
in  many  more  cells  and  fibres  all  running  side  by  side. 

Here  is  the  rabbit's  leg  we  looked  at  in  a  lesson  belore.  Can 
one  of  you  come  out  to  show  us  which  is  the  nerve  ?    Tlie  nerve 
Sheath  made  up  of  hundreds  of  nerve- 

lea  1  fibres,  each  coming  from  a  cell 

in  the  brain.  The  protoplasm 
inside  each  cell  and  in  each  arm 
is  separated  from  the  proto- 

Somewhat  altered  protoptasm   ^i^^^         the  other  cells,  and 
Shoeing  car,  &„a>^t  bands       1^^.^    ^^^^  ^  ^^^.^ 

FIG.  27.-Muscle  fibre.  ^^.^^^       protoplasm  has  buUt 

up  There  would  be  thousands  of  such  cells  in  a  piece  of 
brain  the  size  of  your  thumb  naU,  but  if  you  looked  at  the 
piece  through  a  very  very  strong  lens  (high  power  microscope) 
vou  could  see  that  each  cell  has  this  distmct  boundary. 

Here  is  a  picture  of  stiU  another  kind  of  structure  built  by 

cell  protoplasm.  . 

Here  you  have  bundles  of  fine  long  wavy  fibres,  unhke  the 
nerve-fibres,  for  all  the  protoplasm  has  gone  and  only  the 
substance  into  which  it  changed  itself  is  there.  Here  and 
there  are  cells  of  protoplasm. 

In  its  bone,  if  the  rabbit  was  still  growmg  when  kiUed,  you 
would  have  found  a  num- 
ber of  small  roundish  cells 
full  of  protoplasm,  separ- 
ated from  each  other  by  no.  28.— Fibre  as  from  a  tendon. 

the  bony  substance  which 

its  protoplasm  had  built  up  around  it. 

But  how  does  protoplasm  grow  and  build  up  m  thisjvaj 
bone  and  muscle  and  brain  ?    Whence  does  it  get  the  material 
foTth'buildmg  ^-From  food.    Yes,  ^ want^.^ou^pec^^^^^^ 
to  remember  not  from  starch  or  sugar  or  fat,  but  fiom  ceitam 
other  foods  found  in  meat,  milk,  egg,  bread,  and  fiom. 

Next  time  we  will  try  and  make  some  yeast  cells  gro^s  by 
givSg  thShe  right  food.  Now  draw  pictures  of  the  difterent 
kinds  of  cells  we  have  talked  about. 
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Aim. — To  set  up  experiment  for  the  study  of  the  conditions  for  the 
growth  of  protoplasm  in  yeast  cells,  using  the  quantity  of  carbonic  acid 
gas  evolved  as  indicating  relative  activity  of  growth. 

Requihements. — 3  test-tubes.  3  glass  jars  (small  empty  potted 
meat  jars).  Dish  or  jug  to  hold  2  pints  mixture.  Treacle.  Flour. 
Yeast  (Id.  worth).  Tepid  water.  Absolute  alcohol.  Hand  lens. 
Fig.  29.    Budding  yeast. 

Last  time  we  discussed  some  of  the  different  ceUs  in  the  body. 
What  are  they  all  made  of  ? — Protoplasm.  How  is  the  proto- 
plasm of  one  cell  separated  from  that  of  the  next  ? — Usually 
by  material  built  up  by  and  from  protoplasm  itself.  This 
time  we  will  do  an  experiment  with  some  yeast  cells.  Every 
one  draw  (from  memory)  a  yeast  cell,  please. 

If  I  take  a  single  yeast  cell  and  give  it  a  mixture  of  the  right 
food,  such  as  treacle  and  a  little  flour,  what  will  it  do  ? — You 
have  together  in  the  healthy  protoplasm  food  and  oxygen. 
The  yeast  cell  will  oxidise  the  food,  and  may  give  off  carbonic 
acid  gas  and  water  and  produce  energy.  The  protoplasm  can 
do  what  we  need  the  heat  of  flame  for  outside  the  body.  WiU 
a  yeast  cell  move  and  so  use  up  the  energy  ? — No.  Yeast 
cells,  though  alive,  don't  move  from  place  to  place ;  they  are 
really  living  plants,  not  living  animals.  Their  protoplasm  is 
the  same,  though  as  the  living  substance  of  brain  and  other 
body  cells.  What  else  will  the  yeast  cell  do  when  you  keep  it 
well  fed  and  healthy  ? — It  will  grow. 

Look  at  this  picture.  It  might  be  a  picture  of  the  same 
yeast  cell  as  the  one  you  have  drawn  some  time  after  you  put 
it  in  the  treacle  and  flour.  A  second  yeast  cell  has  grown  out 
from  the  first,  and  a  third  from  second  forming  a  chain.  What 
has  happened  to  the  food  ?  Where  has  fresh  extra  protoplasm 
come  from  ?— Some  food  has  been  built  up  into  fresh  proto- 
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plasm,  and  after  the  one  cell  had  grown  to  a  good  size  a  bud 
was  pushed  out,  as  you  see,  from  it.  Has  any  energy  been 
necessary  ? — Yes.  How  have  the  particles  built  up  been 
moved  from  cell  1  to  3,  etc  1— By  energy. 

Where  has  energy  for  that  come  from  ? — From  oxida- 
tion of  the  food.  If  sugar,  as  in  treacle,  is  oxidised,  what 
is  formed  ? — Carbon  dioxide  gas.  Can  we  set  up  an  experi- 
ment to  show  that  yeast  oxidises  sugar  and  forms  carbon 
dioxide  gas  ?  What  else  might  we  expect  to  have  formed  '( 
—Water. 

Can  you  suggest  the  way 
to  do  this  experiment  ? 

(After  discussion  let  two 
children  proceed  as  follows  : 
rest  write  description.) 

Make  a  mixture  of  ^  tea- 


cupful  golden  syrup  with  2 
pints  of  tepid  water,  and  stu- 
in  2  teaspoonfuls  of  flour. 
Fill  a  test-tube  with  the  mix- 
ture, and  invert  in  about  1 
inch  of  same  in  a  glass  jar. 
(Potted  meat  jars  do  well.) 
:fooc/Pcr.*o/e  Stir  up  a  picce  of  yeast  the 
size  of  a  walnut  vnth  a  little 
water  and  then  add  to  suffi- 
cient of  the  remainder  of  the 
treacle  mixtm-e  to  fill  thi-ee 
test-tubes.     Fill  three  test- 
nine -tenths  full  with  this  mixtui-e  of  treacle,  flour, 
y.^..,  and  water.     Fill  up  two  of  them  with  pm-e  tepid 
water  and  the  other  with  absolute  alcohol,  shake  and  mvert 
each  into  a  separate  glass  jar  of  flour,  treacle,  and  water, 
first  pushing  the  tube  through  a  cardboard  hd  to  serve  as 
cover  to  the  jar.    Lid  of  alcohol-containing  tube  should  be 

vaselined.  .  xi,-  i  ? 

Why  have  we  put  flour  in  the  mixture,  do  you  thmkj 
—Flour  contains  a  substance  which  the  protoplasm  needs 
for  growth.  Why  have  we  put  alcohol  m  one  tube  ^— 
To  see  if  it  will  be  as  useful  as  water  in  helpmg  yeast  ceils 
to  grow. 


Food  Particle 


Fig.  29. 


tubes 
yeast, 
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Let  children  draw  and  label  as  follows  : 

Treacle.  Treacle.  Treacle.  Treacle. 

Flour.  Flour.  Flour.  Flour. 

Water.  Water.  Water.  Water. 

Yeast.  Yeast.  Yeast. 

10  per  cent  alcohol. 
1.  2.  3.  4. 

At  same  time  about  J  fill  a  250  c.c.  flask  with  a  similar 
mixture  of  treacle,  flom-,  water,  and  yeast,  and  leave  it  corked. 
AVhen  we  want  yeast  in  dough  to  "  work,"  where  do  we  leave 
it  ? — Near  the  fii'e.  It  needs  a  temperature  higher  than  the 
ordinary  room  temperatiu-e,  so  we  leave  our  four  test-tubes  and 
flask  near  the  stove  and  appoint  two  people  to  watch  them 
between  lessons  and  write  down  anythmg  that  happens. 
Would  any  one  like  to  say  beforehand  what  they  think  will 
happen  ? 

{N.B. — Temperature  should  be  about  70°  F.,  that  is 
28-32°  C.) 


SECTION  XX 


Aim. — (1)  To  discover  that  the  waste  product  alcohol  hinders  growth 
in  the  yeast  cells  producing  it ;  (2)  to  set  up  experiment  to  discover  if 
unchanged  starch  will  serve  as  food  for  yeast. 

Rbquikements. — 4  test-tubes,  etc.,  as  in  last  experiment.  Teaspoon. 
Vessel  for  water.  Water.  Absolute  alcohol.  Barley  grains,  some 
soaked,  some  well  sprouted.    Iodine  in  solution. 


Fig.  30. 


Examine  the  test-tubes  set  up  in  the  last  experiment.  ^YheLt 
has  happened  in  "  1  "  ?— No  change.  In  "  2  "  and  "  3  "  ?— 
The  test-tube  is  partly  or  entirely  empty  of  the  mixture,  and 
much  frothing  is  or  has  been  going  on.  How  soon  did  the 
fi-othing  begin  ? — Almost  a  quarter  of  an  hour  after  setting  it 
up.  What^as  the  yeast  been  doing  ?— Growing,  using  up  the 
food  and  treacle  we  gave  it.  What  is  the  froth  and  what  do 
you  think  there  is  in  the  apparently  empty  tube  ?— Carbon 
dioxide  gas,  if  the  yeast  has  oxidised  any  sugar  or  flour.  How 
shall  we  test  for  carbon  dioxide  gas  ?— Cork  the  test-tube  under 
the  liquid  and  lift  it  out,  not  keeping  the  tube  open  and  m- 
verted  after  removing  fi'om  the  bquid  or  the  gas  too  will  fall  out. 
Turn  the  tube  right  side  up  and  put  in  another  cork  fitted  with 
delivery  tube  leading  into  lime-water.  Shake  up  corked  tube 
till  the  gas  passes  over  into  lime-water. 
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Into  the  second  empty  tube  pour  a  few  drops  of  blue  litmus 
solution,  aud  compare  its  colour  with  some  unchanged  litmus 
solution.  What  have  we  discovered  ?— Yeast  protoplasm 
oxidises  treacle  and  Hour  and  carbon  dioxide  gas  is  formed. 
(See  Sections  III.  and  V.)  What  use  is  such  energy  which 
comes  from  such  oxidation  to  the  yeast  It  is  used  np 
perhaps  (in  movement  of  molecules)  in  growth.  Can  we  dis- 
cover if  there  has  been  any  water  formed  in  this  oxidation  ? — 
No,  because  we  had  to  mix  water  with  our  yeast  and  treacle 
mixtiu-e  to  begin  with.  But  I  will  show  you  that  something 
else  has  been  formed.  Here  is  the  flask  m  which  we  left 
treacle,  flom",  water,  and  yeast  for  one  week.  Smell  the  flask  ; 
does  it  remind  you  of  anything  ? — The  yeast  has  worked  and 
we  know  carbon  dioxide  gas  has  been  formed,  but  that  does  not 
smell.    What  else  does  give  such  a  smell  ? 

For  teacher.  —  Pour  off  the  liquid  without  disturbiug 
sediment  into  another  flask  of  about  200  c.c.  capacity, 
about  I  filling  the  flask  ;  push  in  a  cork  through  which 
passes  a  hollow  glass  tube  with  fairly  thick  walls  and 
some  16  in.  long.  Gently  heat  base  of  flask  and  from  time 
to  time  apply  a  light  to  open  end  of  tube.  (See  ale  experi- 
ment, Section  XIV.) 

When  before  did  we  get  a  gas  driven  off  from  a  liquid  which 
burnt  like  this  ? — From  ale  in  Section  XIV.  With  yeast,  then, 
the  sugar  is  only  oxidised  to  carbon  dioxide  gas  and  alcohol. 
(Alcohol  itself  still  contains  a  good  deal  of  carbon  as  well  as 
more  hydrogen  than  water.)  (Thus  starch  =  CH^^Oj,  sugar  = 
C6H,,0„  alcohol  =  C,H,OH.) 

When  yeast  is  growing  xmder  its  natural  conditions  the 
alcohol  made  will  pass  off  into  the  air,  and  the  yeast  will  not 
have  to  live  in  a  solution  of  alcohol.  Would  it  matter  if  the 
yeast  had  to  try  and  grow  in  alcohol  1 — Look  at  our  foui'th 
test-tube.  What  was  in  it  ? — Treacle,  flour,  water,  yeast, 
10  per  cent  alcohol.  What  has  happened  1 — The  yeast  has  not 
grown,  there  is  no  froth  because  the  yeast  protoplasm  has  died 
or  is  dying,  and  cannot  break  up  the  sugar  or  flour  or  build  it  up 
into  itself.  The  alcohol  has  poisoned  the  protoplasm.  One 
scientific  man  [Alcoliol  and  Human  Body,  chap,  iii.)  wanted  to 
find  out  just  how  little  alcohol  would  hurt  the  yeast,  so  he 
counted  the  cells,  and  where  2061  cells  had  grown  without 
alcohol,  only  852  grew  in  y^^th  per  cent  alcohol,  and  in  5  per 
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cent  alcohol  only  69.  Let  a  child  come  out  and  make  up 
a  solution  of  alcohol  of  that  strength  to  show  how  weak  it  is. 
One  liundrcd  teaspoonfuls  water  to  one-tenth  teaspoonful 
alcohol.  Yeast  protoplasm  makes  alcohol  in  oxidising  the 
food,  and  yet  if  only  a  little  alcohol  remains  in  the  solution 
in  which  yeast  is  living,  it  gradually  kills  the  protoplasm. 
Alcohol  is  a  waste  product,  and  has  to  be  quickly  got  rid  of. 
Just  in  the  same  way  our  protoplasm  makes  other  waste  pro- 
ducts in  the  process  of  oxidation  and  by  its  countless  other 
changes,  and  if  we  don't  get  rid  of  them  by  the  mouth,  or  skin, 
or  digestive  tube,  they  poison  our  protoplasm,  which  does  not 
then  work  so  well,  and  may  even  be  killed  if  a  great  quantity 
of  waste  is  kept  in  the  body.  It  is  absolutely  necessary  to  get 
rid  of  waste  every  day  from  the  body. 

Is  the  waste  product  of  the  yeast  any  use  to  us  ? — We  burn 
it  in  our  spirit  and  other  lamps.  We  use  it  to  keep  certain 
things  in,  such  as  museum  specimens  and  other  things  which 
would  go  bad  in  the  air,  also  for  dissolving  many  things. 
(Recall  puppies  in  Section  X.  Why  were  some  not  so  active 
as  others  ? )  We  said  then  that  because  alcohol  poisoned  proto- 
plasm the  oxidation  changes  which  produced  energy  did  not  go 
on  so  well,  and  as  a  result  muscle  movement  was  less.  We 
have  now  learnt  from  the  pictures  showing  us  yeast  cells  after 
living  in  treacle  and  flour  that  living  protoplasm  does  something 
else  besides  get  energy  from  food.  What  else  does  it  do  ?— 
Builds  food  into  itself  and  grows.  What  does  alcohol  do  to 
yeast-cell  protoplasm  1— It  stops  all  growth  if  13  parts  in 
100  are  present,  hinders  growth  if  only  -^th.  part  m  100  are 
present. 

What  do  you  think  will  happen  to  brain-cell  protoplasm  it 
alcohol  reaches  it  ?— Stop  its  growth  too,  or  hinder  it,  depending 
on  the  amount  of  alcohol.  It  was  actually  found  that  m 
puppies  which  had  drunk  alcohol  fewer  brain  cells  grew. 
What  will  happen  to  protoplasm  of  muscle  cells  if  alcohol  goes 
to  them  ?— The  same  thing  probably.  What  is  the  most  im- 
portant work  that  protoplasm  is  doing  in  babies  and  m  you  ?— 
Growing.  When  the  protoplasm  has  built  up  fxesh  food  mto 
itself  it  is  then  able  to  make  out  of  itself  bone  or  muscle,  or 
blood,  or  whatever  is  needed  by  the  body.  If  alcohol  poisons 
this  living  protoplasm  then  what  will  happen  ?— It  won  t  grow 
and  it  won't  build  up  bone  and  muscle  and  blood.    So  what 
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will  children  be  like  who  take  drinks  that  contain  alcohol  ?— 
Shorter  and  thinner  and  weaker,  less  able  to  move  about  than 
children  who  only  eat  and  drink  good  food.  What  is  good 
food  ? — Anything  which  protoplasm  can — ■ 

1.  Oxidise,  and  so  produce  energy. 

2.  Build  up  into  itself  to  make  fresh  protoplasm,  and  which 
does  not  at  the  same  time  itself  poison  protoplasm  and  prevent 

its  doing  1  and  2.  ,-,-,11.         ,  •  1 

Let  two  children  make  a  list  of  good  and  bad  things  which 
people  eat  and  drink,  which  we  have  talked  about  so  far. 
Write  good  in  white,  bad  in  red  chalk. 
[Water. 

^  ,  J  Starchy,  potato,  rice,  bread  ;  sugary,  treacle,  honey, 
(xood.  i    g^^gj^^ .     j-^^^y^   s^e^^    butter,   margarine,  lard, 

[  dripping. 
Bad.  Alcohol. 

Do  yon  know  who  makes  alcohol  ? — Brewers.  Do  they  use 
yeast  ? — Yes.  Do  they  put  it  to  grow  in 
treacle  ? — No.  They  use  sjmuiiny  barley. 
Not  barley  seeds  before  they  begin  to 
grow,  but  the  same  after  the  roots  have 
sprouted  out.  We  will  do  two  experi-  starch. 
ments  to  see  if  we  can  find  out  why 
brewers  make  alcohol  by  using  sprouted 
barley  and  yeast. 

Fu-st,  What  is  barley  made  of  1  (Dia- 
gram of  barley.) 

Here  are  some  split  kernels.  What 
do  they  look  like  inside  ?  The  whitish 
part  surrounds  the  plantlet.  Taste  them.  ^"^'"■0°- 
Not  much  taste.  Could  you  suggest  any- 
thing that  is  like  this  white  tasteless  body  ?  ^iq. 
• — Starch.  If  starch  were  present  how  could 
we  prove  it  ?  (Use  of  iodine,  Section  XVI.)  (Scrape  the 
cut  side  of  kernel  to  break  the  coats  of  starch  grains.) — Put 
on  a  drop  of  weak  iodine  solution.  What  does  blue-black 
colour  prove  ? — Presence  of  starch.  {N.B. — If  it  does  not 
show  well,  smash  up  some  kernels,  boil  in  water,  cool,  and 
add  iodine.)  So  imsprouted  barley  contains  much  starch. 
Can  the  yeast  use  starch  for  food  ?  Set  up  test-tube  as  in 
Section  XIX.  containing  f  teaspoonful  starch  powder  and  a 
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small  piece  of  yeast  and  water.  Invert  in  water  and  leave. 
Wliat  do  you  expect  to  happen  ?  {N.B. — Don't  heal  starch 
and  water.) 

If  yeast  can  use  starch  for  food  what  will  happen  by  next 
lesson  ? — Carbonic  acid  gas  will  be  formed  and  there  will  be 
frothing. 


SECTION  XXI 


Am— (1)  By  explaining  the  process  used  in  brewing  to  introduce 
the  idea  of  ferment  action;  (2)  to  discover  that  ditierent  beverages 
contain  different  percentages  of  alcohol.  ,     x  ,  4. 

Requikements.— Starch  and  yeast  test-tube  experunent  of  last 
time.  250  c.c.  flask  corked  with  16-in.  tube  through  cork  i  full  of  gm. 
Same  quantity  of  medicated  wine  and  stout.  Sprouted  and  unsprouted 
barley  seeds.    Balance,    Figs.  31  and  32. 

Wliat  has  happened  to  the  yeast  we  left  to  grow  in  cold 
starch  and  water  last  time  ?— Nothing.  No  carbon  dioxide 
gas  formed,  so  there  is  no  frothing,  and  the  tube  is  still  full  of 
the  mixture  of  starch,  yeast,  and  water.  If  we  could  look  at 
this  yeast  mider  the  microscope  would  you  expect  it  to  be 
"  budding  "  and  growing  ? — No.  Yeast  can't  use  starch  as 
food.  Why  not  ? — Starch  is  not  soluble  in  cold  water  and  can't 
pass  through  the  cell  wall  of  the  yeast  cell,  which  resembles 
parchment  paper.  (Recall  Section  XV.)  So  the  protoplasm 
inside  the  yeast  cell  can't  get  at  it. 

On  Board. —  Yeast  cells  ivill  not  oxidise  starch  ;  it  cannot  get 
through  the  cell  wall  to  the  protoplasm. 

Last  time  we  were  discussing  how  beer  is  made,  and  I  told 
you  that  in  the  first  process,  which  is  "  malting,"  the  brewers 
use  sprouting  barley  and  yeast.  Let  some  children  taste  the 
sprouting  and  non-sprouted  grain.  Is  there  any  difference  ? 
— The  sprouted  is  slightly  sweeter.  Try  iodine  test  on  some 
sprouted  grains.  Not  so  blue  as  when  put  on  non-sprouted 
grains.    There  is  less  starch  now  present. 

(Let  two  children  counterbalance  about  10  seeds  against 
some  seedlings  of  barley  so  that  equal  weights  of  both  are  taken. 
Squash  up  the  equal  weights  thus  obtained  separately,  each 
with  half  a  test-tube  full  of  water,  boU,  cool,  and  add  4  drops 
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iodine  solution  to  each.)  Wliicli  test-tube  sliows  iodine  and 
starch  colour  test  ? — That  containing  the  ungrown  seeds. 

When  grain  is  kept  moist  and  Warm  something  called  a 
fermeut  in  the  protoplasm  of  the  cells  acts  on  the  insoluble 
starch  and  turns  it  into  soluble  sugar,  which  can  then  pass 
through  the  cell  walls  into  the  cells  of  the  young  growing 
plantiet.  This  diagram  (Fig.  .31  from  Section  XX.)  shows  you 
the  plantiet.  What  is  all  the  material  at  S  ? — Starch.  W'liy 
does  the  plantiet  need  the  starch  ?— To  give  it  energy  for 
growth.  What  is  between  the  plantiet  protoplasm  and  the 
starch  ?— Cell  walls.  What  must  happen  to  the  starch  before 
it  can  pass  to  the  protoplasm  in  cells  of  plantiet  ? 

When  brewers  are  making  beer  or  spirits  they  begin  by 
letting  barley  sprout  in  this  way  tiU  the  starch  begins  to  turn 


Protoplasm  with 
granules  of  other 
substances 


Fig.  32. — Cells  containing  starch  grains. 


into  sugar.  Then  they  over-heat  the  grams,  enough  to  stop 
the  plantiet  from  growing  and  using  up  the  sugar  for  itself, 
but  not  enough  to  kdl  the  ferment,  so  it  still  goes  on  turumg 
starch  uito  sugar.  This  over-heating  is  called  "  maltmg.  ' 
Next  the  grains  are  ground  up  so  as  to  let  the  ferment  get  at 
all  the  starch,  and  it  is  all  converted  into  sugar.  Then  yeast 
is  added  to  the  sweet  liquid.  Why  do  brewers  "  malt  "  the 
gram  fixst  ?— That  the  protoplasm  of  the  barley  cell  may  make 
a  ferment  which  turns  starch  into  sugar,  which  can  pass  mto 
yeast  protoplasm  and  can  there  be  oxidised.  When  yeast 
oxidises  sugar  what  is  formed  ?— Alcohol  and  carbon  dioxide 
gas  Wliat  wiU  happen  to  the  carbon  dioxide  gas  formed  ?— it 
escapes  into  air,  but  some  is  left.  Beer  owes  its  head  to 
this  escaping  gas.  When  is  beer  "  flat  "  ?-When  all  the  gas 
has  escaped.  What  is  left  then  m  the  hqmd  after  maltmg  and 
mixincr  with  yeast  1— Alcohol  and  water,  and  some  little  sugar 
and  carbon  dioxide  gas.  If  the  mixture  is  left  in  that  condition 
and  hops  are  added,  beers  of  varying  strength  are  formed. 
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What  would  be  the  strongest  beer  you  could  get  by  this  pro- 
cess, i.e.  beer  contiiiiiing  the  most  alcohol  I — 4-  beer  containing 
13  per  cent  alcohol. — Why  couldn't  you  get  a  stronger  beer  ? — 
Because  the  yeast  protoplasm  is  lolled  if  more  alcohol  than 
13  parts  in  100  parts  is  present.  But  are  there  no  drinks 
which  contain  more  alcohol  than  13  parts  in  100  ? 

Here  I  have  a  flask  containing  some  gin.  How  can  I  find 
out  if  this  gin  contains  as  much  alcohol  as  ale  ? — Repeat 
experiment  of  Section  XIII.,  and  notice  how  long  alcohol  comes 
off  from  tube. 

We  will  also  try  this  medicated  wine  {e.g.  Wincarnis)  and 
this  stout.  We  must  heat  exactly  the  same  quantity  of  each 
and  notice  how  long  each  gives  off  alcohol.  Which  will  con- 
tain most  alcohol  ? — The  one  that  burns  strongest  and  longest. 
Do  experiment  while  children  rule  three  columns  and  enter 
results  after  describing  "  How  we  can  find  out  which  drink 
contains  most  alcohol." 


Drink. 

Time  talien  to 
drive  out  all 
Alcohol. 

Percentage  of 
Alcoliol  given  by 
Teaclier. 

Ale  (from  Section  XIV.)  . 

Stout   

Wincarnis  

Gin  

Minutes. 
5 
10 
20 
25 

Per  Cent. 
1  4-7 
20 

40-50  j 

(Apparently  other  substances  present  affect  rapidity  with 
which  the  alcohol  is  given  off,  and  this  is  only  a  very  rough 
test  of  amounts  present.) 

(To  show  the  above  percentages  graphically.) 

Here  I  have  four  strips  of  paper  of  equal  length,  each 
divided  into  100  equal  parts.  Four  of  you  can  come  out  and 
colour  certain  amount  of  each  strip  red. 

First  strip,  4  parts  red.  What  will  red  stand  for  ? — Quantity 
of  alcohol  in  some  ales. 

Second  strip,  7  parts  red  =  some  ales  and  stout.: 

Third  strip,  20  parts  red  =  Wincarnis. 

Fourth  strip,  45  parts  red  =  gin,  whisky,  brandy. 

How  much  alcohol  was  enough  to  stop  yeast  working  alto- 
gether ? — 10  per  cent.    Just  about  as  much  as  in  claret  and 
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wines,  about  a  fourth  of  that  in  spirits.  Wliat  did  5  per  cent 
alcoliol  do  to  tlie  yeast  in  those  experiments  of  wliich  1  told 
you  ? — Lessened  the  number  of  cells  which  grew  in  the  solution 
fi-om  20G1  in  water  to  69  in  5  per  cent  alcohol. 

So  alcohol  about  the  strength  of  ale  could  nearly  stop  all 
growth  in  yeast  cells,  and  they  would  not  grow  at  all  in  as 
much  alcohol  as  is  present  in  Wincarnis  or  gin. 


SECTION  XXII 


Am. — To  revise  ideas  already  gained  as  to  the  nature  of  protoplasm 
hy  a  comparison  with  starch. 

Requieements. — Diagrams  from  Section  XVIII.  Fig.  34,  starch 
grains.  Gelatme  model  of  a  cell.  Schematic  diagram  of  protoplasm 
unit  (Fig.  19  from  Section  XII.).    Fig.  33,  digestive  tube  ceU. 

Some  one  come  out  and  write  down  on  the  board  the  name 
of  the  di-ink  which  we  found  had  least  alcohol  in  it  last  time. 
Class  tell  the  order  of  the  rest  of  the  drinks  according  to  the 
amount  of  alcohol.  How  much  is  enough  to  poison  protoplasm 
of  puppies'  brain  cells  or  of  yeast  ? — Less  than  in  ale,  the  one 
that  contains  the  least  alcohol.  No  child  or  man  can  drink 
alcohol  without  having  his  protoplasm  partly  poisoned,  even 
by  very  little. 

Answer  these  questions  in  writing. 

What  is  yeast  ? 

What  does  yeast  do— (1)  to  sugar,  (2)  to  starch  ? 

What  does  alcohol  do  to  yeast  ? 

Why  does  ale  contain  alcohol  ? 

Wliy  is  ale  bad  for  children  ? 

What  did  beer  do  to  the  brickmakers  ? 

If  you  had  to  tell  any  one  in  six  words  why  alcoholic  drinks 
are  bad  for  the  body  what  would  you  say  ?— "  Alcohol  even  in 
small  quantities  poisons  protoplasm."  "^What  is  protoplasm  ? 
—The  living  substance  in  the  body.  Whereabouts  in  the  body 
is  It  found  ?— Everywhere.  In  brain,  in  muscle,  inside  bone, 
wherever  there  is  work  to  do. 

(Diagrams  of  nerve  cell,  muscle  cell,  brain  cell  without 
names.) 

Who  can  remember  what  each  of  these  pictures  is  meant  for  ? 
All  these  pictures  are  two  or  three  thousand  times  largei' 
than  the  real  thmgs,  and  only  show  you  one  slice  of  the  ceU, 
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Fat 
globules 


protoplasm  I". 


one  face  of  it,  remember ;  tlie  actual  cells  are  solid,  like  these 
gelatine  models. 

In  a  cell  like  this  other  one,  which  is  a  picture  of  one  from 
the  inner  side  of  digestive  tube  wall,  besides  the  colourless  balf- 
liquid  protoplasm,  you  may  find  embedded 
in  the  protoplasm  globules  of  fat  or  grains  of 
other  food  material,  and  the  water  mixed  with 
the  protoplasm  contains  dissolved  sugar.  How 
would  you  say  protoplasm  differs  from,  say, 
a  grain  of  starch  ? — We  know  what  starch  is 
made  up  of.    If  we  split  it  up  into  smaller 
- — ■ — ■   and  smaller  parts  we  come  at  last  to  the 
Fig.  S3.— Cells  from  molecule   of   starch  containing   a  definite 

intestine  during  lat  ,      <■        i  i     i  i 

absorption.  amouut  of  carbon,  hydrogen,  and  oxygen, 

and  that  molecule,  while  it  remains  starch, 
never  changes.  If  millions  of  exactly  alike  molecules  have 
been  added  together  you  get  a  grain  of  starch  like  this  in  a  cell. 

Protoplasm  is  not  like  starch  ;  we  can't  talk  of  a  molecule  of 
protoplasm  ;  the  smallest  speck  of  protoplasm  we  can  imagme 
is  always  changing ;  it  never  has  a  fixed  amount  of  certain  sub- 
stances in  it  like  starch  ;  it  is  always  getting  rid  of  some  sub- 
stances and  adding  others  to 
itself.  Starch  can't  take  bodies 
different  to  itself  and  build 
them  up  into  itself.  Proto- 
plasm can.  It  can  take  hold 
of  molecules  of  sugar  and  starch 
and  oxygen  and  oxidise  them, 
and  build  up  other  materials, 
which  it  gets  from  such  foods 
as  flour  and  eggs,  into  itself, 
making  more  protoplasm. 

Protoplasm  changes  and  uses 
substances  different  to  itself 

for  setting  free  energy  and  for  growth.  Starch  can  only  be 
broken  up  through  something  outside  itself,  such  as  heat  or 
protoplasm.  We  can  say  what  protoplasm  does,  you  see, 
though  we  can't  say  wha,t  it  is.  Can  you  draw  a  picture  to 
represent  protoplasm  to  yourself  as  always  active,  always 

^  ^Diag?am  of  protoplasm  unit  with  "  arms."    (Fig.  4,  Section 


Fig.  34. — Starch  grains. 
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XII.)  No  one  has  ever  seen,  even  with  the  best  lens,  a  proto- 
plasm unit  any  more  than  any  one  has  seen  a  molecule  of  starch, 
so  we  don't  really  know  what  it  looks  like.  This  is  only  a  fancy 
pictiu'e  to  remind  ns  what  protoplasm  does.  Probably  it  is 
so  easily  hurt  by  poisonous  bodies  because  it  does  so  easily 
change.  It  can  change  easily  and  make  more  protoplasm  or 
life  substance,  but  can  also  change  easily  in  unhealthy  ways 
and  be  easily  poisoned  and  die. 

We  want  to  give  it  the  foods  it  can  use  to  build  up  more 
healthy  protoplasm,  not  the  things  like  alcohol  that  poison  it 
and  stop  its  right  changes. 
Answer  ui  writing  : 
What  do  you  know  about  starch  ? 
What  do  you  know  about  protoplasm  ? 
Possible  answer  to  questions,  "  What  is  yeast  ?  " 
"  A  bit  of  yeast  is  made  up  of  millions  of  cells  so  tiny  that 
we  cannot  see  them.    Each  cell  is  a  sort  of  bag  with  a  thm  wall 
inside  which  is  Hving  substance,  or  protoplasm." 

The  protoplasm  may  have  in  it  molecules  of  food  substances 
dissolved  in  the  water,  or  sometimes  forming  masses  which  can 
be  seen  in  the  protoplasm  as  little  grains.  Because  the  proto- 
plasm is  alive  it  can  take  out  of  some  of  these  molecules  the 
carbon,  hydrogen,  oxygen,  and  other  things  that  it  wants  and 
build  them  up  into  itself,  and  so  grow,  and  it  can  break  down 
others  and  make  their  carbon  and  hydjogen  join  with  oxygen 
and  so  obtain  energy. 


SECTION  XXIII 


Aim.— By  discussion  of  its  structure  to  prepare  for  uaderstanding 
the  effect  of  alcohol  on  growth  of  frog  spawn. 

Requirements. — Frog  or  toad  spawn.  3  pie-  or  other  shallow  dishes 
with  vaselined  edges  and  hds.  Absolute  alcohol.  Water-.  Graduated 
test-tube.  Fig.  35  of  frog's  egg  or  any  ovum.  Fig.  30  of  tubercle 
and  erysipelas  bacilli.    Siphon  tube  for  removing  water  from  pie-dish. 

Last  time  we  discussed  protoplasm.  What  do  you  think 
this  picture  is  ?    (Diagram  of  au  egg  cell  fi-om  any  animal. 

Fig.  35.) 

A    single    cell  of 
animal  protoplasm. 

Every  single  plant 
and  animal  starts  life 
as  such  a  single  mass 
of  protoplasm.  But 
though  some  animals 
remain  all  their  lives 
just  such  single  cells, 
most  become  much  less 
simple ;  we  get  animals 
like  chickens,  dogs, 
men,  built  up  of  millions 
of  protoplasm  cells,  and  with  bones  and  muscle,  and  nerves 
and  hair  and  skin. 

How  is  it  a  body  like  that  can  be  built  up  from  just  one 
single  cell  ? — The  protoplasm  can  build  up  new  protoplasm  if 
proper  food  is  given,  and  can  also  get  the  energy  it  needs  from 
food.  So  new  cells  are  formed  fi'om  the  fii-st  one,  and  in  the 
end  the  protoplasm  of  these  cells  builds  up  the  bone,  muscle, 
etc.,  of  body. 

What  is  this  that  I  have  here  in  this  dish  ?— Frog  spawn. 
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Nucleus 


Food  material 
in  Protoplasm 


Fig.  35. — Egg  cell  from  any  animal. 
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What  is  fi-og  spawn  ?— Eggs  of  the  frog.  What  is  au  "  egg  " 
of  a  frog  ?— Just  one  single  cell  at  first  which  has  gi;own  in  the 
body  of  the  fi-og  and  is  laid  by  it  in  some  pool.  And  this  single 
cell  will  grow  into  a  tadpole^  and  the  tadpole  into  a  frog,  if  we 
arrange  to  give  it  certain  things.  Wliat  things  ? — A  right 
amount  of  light,  air,  heat,  water,  food.  Here  is  a  diagram  of 
such  a  frog's  egg.  What  is  the  central  part  "  0  "  ? — The 
actual  living  protoplasm  containing  much  food  substance  which 
can  be  buUt  up  into  new  protoplasm,  and  fi-om  which  new  cells 
can  be  formed.  What  is  the  surrounding  part  "  F  "  ? — A 
layer  containing  more  food  material.  What  for  ? — To  be  used 
by  the  growing  cells  when  they  have  used  up  all  they  already 
contain.  This  layer  can  do  something  else,  too.  What  do 
you  think  ? — Protect  the  aU-important  egg  cell — the  living 
protoplasm.  I  must  draw  an  outer  layer  to  represent  the 
jelly  you  see  around  the  spawn.  What  is  this  outermost  layer 
of  all  for  ? — Chiefly  for  protection ;  it  encloses  all  the  mass  of 
egg  cells  in  a  moist,  jelly-like  mass.  These  eggs  are  very  often 
laid  near  the  edge  of  a  shallow  pond,  so  what  do  you  think  will 
be  their  chief  danger  ? — Drying  up,  and  this  jelly-Hke  covering 
is  the  very  best  way  of  keeping  the  living  protoplasm  from 
drying  up. 

We  said  just  now  that  we  must  give  this  living  protoplasm 
certain  things  if  it  is  to  grow  and  build  up  the  tadpole.  Do  you 
think  we  need  give  the  eggs  any  food  before  the  tadpoles  are 
hatched  ? — No,  there  are  enough  food-stores  hi  the  egg  cell  itself 
untn  then.  But  I  want  to  show  what  happens  to  these  cells 
of  young  protoplasm  if  we  put  a  very  little  alcohol  in  the  water 
in  which  they  have  to  grow.  What  do  you  think  may  happen  ? 
(Remember  what  happens  to  young  protoplasm  in  yeast  cells.) 
We  shall  want  to  compare  what  happens  to  eggs  in  alcohol  and 
water  with  what  happens  to  eggs  m  tap-water.  Tell  me  how 
to  arrange  it. 

Put  24  eggs  in  ordinary  water  and  24  in  alcohol  and  water. 
Both  must  be  hi  a  shallow  dish  with  only  a  little  water  covering 
the  bottom.  But  if  we  leave  both  open,  what  will  happen  to 
the  alcohol  ? — It  will  escape  (evaporate),  and  so  we  shall  not 
know  how  much  alcohol  we  have  in  our  water.  So  we  will 
vaselme  the  edges  of  the  dishes  and  put  glass  lids  over  them. 
But  then  will  the  eggs  get  enough  oxygen  ?— They  get  as  much 
as  they  want  in  the  open  field.    We  will  try  and  give  them 
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enoiv^h  by  draining  off  the  water  every  second  day  and  filling 
up  with  fresh  water  which  has  been  made  to  take  up  as  mucli 
air  as  it  will  by  falling  from  a  height.  We  will  always  keep 
the  water  at  same  height  in  both  dishes,  and  add  same  amount 
of  alcohol  to  the  one  dish.  How  much  alcohol  shall  we  add  ? 
(Use  graduated  test-tube  to  measure.) 
We  will  have  three  dishes,  as  follows  : — 

(1)  Twenty-four  eggs  in  tap-water  only. 

(2)  Twenty-four  eggs  in  tap-water  100  parts  and  alcohol 
1  part. 

(3)  Twenty-four  eggs  in  tap-water  100  parts  and  alcohol 
5  parts. 

Let  three  children  come  up  and  get  these  dishes  ready. 
Shall  we  have  to  keep  them  warm  1  (Field  conditions  in 
i'ebruary  and  March  don't  include  warmth  of  houses.) 

What  happens  to  most  of  the  frogs'  eggs  in  the  world  ? — 
They  get  eaten  by  birds.  Who  eats  the  birds'  eggs  ? — We  do  ; 
the  food  stored  up  in  the  yolk  and  white  of  an  egg  for  the  living 
protoplasm  cell  within  makes  very  good  food  for  us. 

Can  frogs'  eggs  and  birds'  eggs  feel  ? — No ;  so  we  are  not 
giving  them  pain  either  by  giving  them  a  poisonous  drink  like 
alcohol  or  by  boiling  them. 

Is  it  ever  right  to  kill  lower  living  things  at  all  ?  ^Yhen  ? — 
If  harm  will  come  through  not  taking  that  life.  Do  you  know 
any  example  of  a  living  thing  being  hurtful  to  man  1  What  is 
the  cause  of  consumption  ? — A  living  thing  which  is  only  one 
single  ceU,  one  mass  of  protoplasm  like  this  m  shape,  but  so 
small  that  millions  would  go  to  one  inch  if  placed  side  by  side. 

Diphtheria,  plague,  and  many  other  horrible  diseases  are 
caused  by  just  such  single-celled  living  thmgs. 

Is  it  wrong  to  kill  these  germs,  or  microbes,  as  they  are 
palled  ? — Far  from  being  wrong,  it  is  an  absolute  duty  to  help 
to  get  them  killed  in  aU  possible  ways.  When  else  is  it  right 
to  take  life  ?— For  food  for  our  bodies.  When  we  cook  cabbage, 
when  we  eat  mutton,  millions  of  living  cells  have  had  to  be 
killed.  Is  there  any  other  reason  for  taking  life  ? — When  it  is 
necessary  for  food  for  our  minds.  If  you  were  to  pluck  a 
flower  to  put  in  your  room,  or  to  examine  it  to  see  how  it  was 
made  you  bring  about  the  death  of  thousands  of  cells.  If  you 
were  to  examine  the  leg  of  a  rabbit  to  find  out  how  the  muscles 
are  arranged,  and  how  they  brmg  about  movement,  and  if  you 
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eat  the  other  leg,  then  you  first  got  food  for  your  mind  and  then 
food  for  your  body.    So  here  we  arc  going  to  give  some  eggs  a 


Fig.  36. — Consumption  and  erysipelas  bacilli. 


poisonous  substance,  alcohol,  in  order  that  we  may  learn  some- 
thing. We  are  not  going  to  give  anjrthing  pain,  and  we  are 
not  going  to  waste  anything,  because  we  shall  use  as  food  for 
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Spawn 


oiif  minds  wliatever  we  find  out  by  trying  to  grow  theso  eggs 
in  alcohol.    Suppose  I  went  to  tlie  y)ond  wliere  I  got  these 

eggs  and  dragged  all  the  spawn 
out  and  left  it  high  and  dry, 
would  that  be  wrong  ?  Why  ? — 
Because  I  wasted  life,  made  it  of 
no  use  to  any  one.  All  the  energy 
and  food  which  had  gone  to  build 
up  those  eggs  in  the  body  of  the 
frog  that  h^id  them  would  all  be 
wasted.  But  if  I  use  them  and 
you  use  them  to  learn  something, 
or  a  bird  uses  them  for  food,  is 
that  wrong  ?  Do  you  think  it 
woidd  ever  be  right  for  you  your- 
selves to  take  any  living  thing, 
even  a  fly,  and  Idll  it  and  make 
experiments  on  it  to  find  out  things  1  Why  not  ? — Because 
you  don't  yet  know  enough  ever  to  take  life  unless  some  one 
older  and  wiser  has  said  you  may.  A  living  thing  is  so  easily 
hurt.    You  may  so  easily  waste  life,  and  to  do  that  is  sin. 

(N.B. — To  teacher. — When  the  eggs  in  the  tap-water  begin 
to  hatch  have  a  lesson,  and  let  the  children  after  a  silent  in- 
spection write  down  for  themselves  what  differences  they 
observe  between  1,  2,  and  3.) 


Fia.  37.— Method  of  drawing  off 
water  Iroiii  spawn. 


SECTION  XXIV 


Aim. — To  discover  how  to  prove  that  there  is  a  ferment  in  saliva 
which,  Uke  that  in  barley,  changes  starch  into  sugar. 

Requieements. — 6  grains  of  rice,  equivalent  quantity  of  tapioca, 
which  have  soaked  for  twelve  hours.  Equivalent  quantity  floiu-.  Test- 
tubes.  Water.  loduie.  Spirit-lamp.  Tms  which  will  hold  water, 
golden  syrup  tins.    Centigrade  thermometer.  Tripod. 

Why  have  we  said  that  rice,  tapioca,  and  flour  make  good 
foods  ? — Because  they  contain  a  large  proi^ortiou  of  food  which, 
while  it  does  no  harm  and  poisons  nothing,  can  be  oxidised. 
What  is  this  food  ?    (Recall  tests  in  Section  XV.  for  starch.) 

Let  three  children  come  out  and  hold  these  three  test-tubes 
on  my  right  hand  and  another  three  hold  three  more  on  my  left 
hand.  Each  has  got  about  1  tablespoonful  of  water  in  the  test- 
tube.  What  else  have  you  got  ? — 1,  2,  and  3  on  right  have  6 
rice  grains,  a  little  tapioca,  and  a  little  flour ;  1,  2,  and  3  on  my 
left  have  same.  I  had  soaked  the  rice  and  tapioca  for  twelve 
hom-s  before,  and  so  it  has  swelled.  Now  the  right-hand  children 
are  to  cook  their  rice,  tapioca,  and  flour,  rest  of  class  write 
what  is  done,  i.e.  boil  the  contents  of  tube  for  a  minute  and 
cool  by  plunging  test-tube  in  cold  water.  (Then  face  class  as 
before.  Teacher  passes  down  line  and  puts  drop  of  iodine  in 
each  of  six  test-tubes.)    What  happens  ? 

Contents  of  three  tubes  which  have  been  cooked  give 
a  deep  blue.  -Contents  of  three  tubes  which  were  not  cooked 
don't  alter  colour  of  iodine.  Why  does  cooked  rice  go 
blue  ?— Because  of  the  presence  of  starch.  Why  doesn't  the 
uncooked  starch  turn  blue  ?— Because  each  starch  grain  has 
a  sort  of  coat,  and  unless  that  is  broken  up  by  boiling  in 
water  the  iodine  cannot  get  at  the  starch.  What  does  each 
frf'^^rr^^^™  contain  ?— Carbon,  hydrogen,  and  oxygen 
(G^oH^O^).  What  ir  set  free  when  this  carbon  and  hydrogen 
are  oxidised  ?— Much  energy  is  set  free. 
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Wliy,  then,  are  tliese  foods  we  have  tested,  good  ? — JSecause 
they  contain  much  starch  which  can  be  oxidised.  Where  is 
such  food  oxidised  in  tlie  body  ? — In  the  cells  of  muscles,  or 
brain,  or  wherever  energy  is  needed,  either  for  heat  or  move- 
ment. What  must  the  food  get  through  before  it  readies  tlie 
protoplasm  of  these  cells  ? — -The  walls  of  the  digestive  tulje 
cells.  When  did  we  test  starch  to  see  if  it  would  do  tliis  1 
(Section  XV.)  Starch,  then,  won't  pass  through  cell  walls  any 
more  than  it  could  pass  through  the  parchment  paper.  It  is  not 
acted  on  by  yeast.  How  is  it,  then,  that  starch  can  be  used  as  a 
food  ?    How  does  starch  come  into  touch  with  the  protoplasm  ? 

(This  next  experiment  is  to  show  how  the  starch  is  made 
able  to  pass  through  the  wall  of  the  digestive  tube  into  the 
protoplasm.)  Let  each  child  put  a  tiny  piece  of  starch  into  her 
mouth  and  keep  it  there,  and  not  swallow  it  for  as  long  as  she 
can.  Starch,  size  of  small  pea.  Notice  if  you  taste  it  at  fast 
and  if  in  a  minute  you  notice  any  taste.  Hands  up  any  one 
who  notices  any  taste. 

What  does  it  taste  like  ?    It  doesn't  taste  at  all  at  first, 
and  then  gets  a  little  more  like  what  ?— Sugar.    (Maltose,  the 
sugar  formed,  has  little  taste.)    WiU  sugar  pass  through  the 
lining  of  the  digestive  tube  walls  ?— Yes.    So  something  m 
mouth  changes  starch  into  sugar.    Is  starch  like  sugar  at  all 
in  what  it  contains  ? — Both  contain  about  the  same  amounts  of 
carbon,  hydrogen,  and  oxygen,  and  no  very  great  change  is 
needed.    Suppose  we  want  to  change  starch  into  sugar  outside 
the  body,  how  might  we  arrange  an  experiment  ? — I  will  mis 
some  saliva,  or  the  liquid  from  mouth,  with  starch  in  a  test- 
tube.    Does  the  temperature  matter  ?— It  must  be  the  tempera- 
ture of  the  body  (981°  F.  or  38°  C).    If  I  put  in  a  lump  of 
starch,  will  that  do  ?— Better  mix  up  a  little  powdered  starch 
with  water,  boil  it,  and  then  add  saliva.    Shall  I  add  saliva 
to  the  boiling  starch  ?— I  must  cool  it  fii-st,  for  the  substance 
in  the  saliva  which  changes  the  starch  is  destroyed  by  a 
temperature  much  above  that  of  the  body.    This  substance 
is  a  ferment.    When  else  have  we  had  a  ferment  ?— When 
starch  was  changed  into  sugar  by  the  barley  plantlet.  The 
same  ferment  that  acts  in  the  growing  barley  seed  is  present  m 
the  saliva,  or  liquid  in  the  mouth.    Where  is  it  made  ?— In  the 
protoplasm  of  a  special  cell.    Suppose  we  have  got  readv  a 
test-tube  of  starch  and  saliva,  how  shall  we  keep  it  at  body 
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temperature  for  long  enougli  to  let  the  ferment  act  on  tlie 
starch  ?  Will  flame  do  ?— We  can't  alter  it  easily  enough. 
We  want  to  put  the  test-tube  in  a  water  bath  kept  at  right 
teniiierature,  like  this  (Fig.  38). 

Water  bath  imitates  the  warm  wetness  of  the  living  body 
and  blood. 

It  consists  of  a  tin  full  of  water  kept  at  38°  C.  with  a  lid  full 
of  holes  to  hold  the  test-tubes  and  thermometer,  and  so  that 
these  shan't  rest  on  bottom  of  tin  (which,  when  the  light  is 
under  tin,  gets  hotter  before  water  does),  a  piece  of  cardboard 


\^TIiermometer 


Tube  containing  Saliva, 
Starch  and  Water 


String 


Bent  up  side 
of  cardboard 


Level  of  water  in  batli 


Cardboard  false  bottom 
witi)  lioles  for  tubes  to 
Just  rest  in 


Fig.  38. 


is  pushed  down  to  form  a  false  bottom,  this  is  held  by  string 
attached  to  paper  fasteners  pushed  through  the  two  bent-up 
ends  of  the  cardboard. 

Now  every  one  write  down,  "  How  we  shall  arrange  a  test- 
tube  with  starch,  water,  and  saliva  to  show  that  saliva  acts  on 
starch." 

Two  experimenters  come  out  meanwhile  to  make  cardboard 
lid  with  holes  and  false  bottom  for  water  bath  and  to  powder 
starch. 

{N.B. — A  heaped  salt-spoonful  of  starch  in  200  c.c.  ( Jth  pint) 
water  is  the  best  strength.  Just  before  next  lesson  collect 
about  an  inch  depth  saliva  in  test-tube,  dilute  with  5  times 
amount  of  water,  filter  and  put  filtrate  in  two  test-tubes.) 


SECTION  XXV 


Aim. — To  prove  presence  of  ferment  in  saliva  which  will  change 
starch  into  sugar. 

Requirements.  — Water  bath.  Test-tubes.  Water.  Powdered 
starch,  as  in  Section  XXIV.  200  c.c.  flask.  2  test-tubes  each  ^th  full 
with  dilute  filtered  saliva.    lodme  solution.    Fehling  solution. 

{N.B.— Saliva  must  be  faintly  alkalme.  If  it  is  not  when  tested 
with  pmk  litmus  paper,  which  should  turn  bluish,  add  a  few  drops  of 
weak  solution  of  washing-soda. ) 

Child  boils  a  heaped  salt-spoonful  of  powdered  starch  in 
200  c.c.  water.  Stand  in  dish  of  water  to  cool.  What  have  I 
in  these  two  test-tubes  ? — Some  saliva  mixed  with  water. 
Why  shouldn't  we  use  saliva  alone  ? — The  food  doesn't  stay 
long  in  mouth,  only  long  enough  to  get  thoroughly  mixed  with 
saliva,  and  it  is  in  first  twenty  minutes  that  food  lies  m  stomach 
that  saliva  acts  on  it.  Other  liquids,  including  any  water 
drunk  at  the  time,  will  be  present  and  will,  of  course,  dUute  the 
saliva.  It  is  not  good  to  drink  much  of  anything  with  meals, 
because  of  diluting  saliva  and  other  similar  juices  which,  we 
shall  see,  act  on  food  in  digestive  tube. 

{N.B.—For  teacher.— 1\\  digestion  experiments  in  glass  vessels 
outside  the  body  we  need  weak  solutions,  because  products  of 
digestion  are  not  removed  by  absorption.) 

To  each  test-tube  of  saliva  I  add  same  amount  of  cooled 
starch  solution.  Why  do  we  cool  the  starch  ?  (Section  XYI.) 
Then  I  boil  contents  of  one  test-tube  and  put  both  m  water 
bath,  labelling  "  boiled  "  and  "  unboiled."  What  must  be  the 
temperature  of  the  bath  ?  Every  one  sketch  water  bath,  two 
test-tubes,  and  thermometer,  and  write  down  what  is  m  the 

two  test-tubes.  .  i   -i  i       i    ■.  i 

1.  Diluted  saliva  and  same  quantity  of  boiled  weak  starch 

solution. 
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2.  Diluted  saliva  and  same  quantity  of  boiled  weak  starch 
solution,  and  boiled  after  adding  saliva. 

Here  I  have  a  third  test-tube  (3),  which  I  will  make  up  like 
1,  but  not  put  in  water  bath. 

After  ten  minutes  (may  take  much  less  time  ;  ferment  in 
saliva  varies  in  strength)  let  three  children  come  out,  hold 
each  an  empty  test-tube,  to  which  add  about  J  inch  fi'om 
boiled,  unboiled,  and  not-in-water  bath  test-tubes  respectively. 
To  each  then  add  -i  or  5  drops  of  iodine  solution. 

1  remains  simply  iodine  colour^ — no  starch  present. 

2  turns  the  blue  colour  of  starch  and  iodine  mixed — 
starch  imchanged. 

3  turns  the  blue  colom-  of  starch  and  iodine  mixed. 
What  do  you  learn  fi-om  1  and  3  ? — Starch  is  changed 

by  saliva  at  a  temperature  of  38°  C,  not  at  a  temperature 
as  low  as  that  of  room.  From  1  and  2  boiling  destroys 
the  substance  which  changes  starch.  How  can  we  show  what 
is  left  in  test-tube  1  ?  I  want  to  prove  to  you  that  it  is 
sugar.  Here  I  have  some  sugar  dissolved  in  water,  let  some 
one  taste  (3  or  4  c.c.  treacle  in  10  c.c.  water ;  don't  use  white 
sugar,  which  won't  give  test).  I  add  a  few  drops  of  this  solu- 
tion (Pehling)  and  you  see  a  solid  form.  I  boil  and  it  becomes 
brick-red.  Of  the  substances  you  are  likely  to  come  across 
only  a  sugar  gives  that  colour  with  that  solution.  Now  I  add 
a  few  drops  of  the  solution  to  test-tube  1  and  boil.  Same 
red  solid  forms.  So  what  does  that  show  ? — Sugar  as  in  treacle 
now  in  test-tube  1.  Let  two  children  come  out,  one  take 
a  test-tube  |  full  of  original  starch  solution,  another  a  test- 
tube  with  rest  of  the  solution  from  test-tube  1.  Add  to 
each  a  few  drops  of  the  solution  (Fehliug)  and  boil.  It  proves 
there  is  no  sugar  in  starch  solution,  but  there  is  sugar  in  the 
same  solution  after  heating  at  38°  with  saliva.  We  say  the 
ferment  in  saliva  digests  starch  and  changes  it  into  sugar. 
Why  is  this  necessary  ? — Because  we  want  our  starchy  foods, 
rice,  etc.,  to  be  so  altered  that  they  can  pass  into  the  cells,  and 
then  through  the  walls  of  the  cells  of  the  digestive  tube  into 
the  blood,  and  so  be  carried  to  the  different  parts  of  our 
bodies ;  and  sugar  can  pass  through  the  walls  of  the  cells  of  the 
digestive  tube,  while  starch  cannot. 


SECTION  XXVI 


Aim.  To  discover  presence  of  a  food  sulistanco  in  meat  wliich  was 

not  present  in  starches,  sugars,  or  fats,  while  showing  that  meat,  like 
starch  and  sus^ar,  is  oxidisable  and  yields  energy. 

Requtbements. — Diagram  of  digestive  tube  (Fig.  39)  and  of  cells 
from  lining  of  stomach  (Fig.  33).  Crumbs  of  meat  previously  dried 
as  herein  described.  Copper  oxide  and  apparatus  as  used  m  Section  VI. 
Lime-water.  Litmus. 

{N.B. — Get  leanest  meat  possible.) 

What  does  saliva  do  to  starch  '—Changes  it  mto  soluble 
sugar. 

What  makes  the  saliva,  do  you  think  ?— Protoplasm. 

This  protoplasm  is  collected  m  groups  of  cells,  some  placed 
m  the  floor  of  the  mouth  beneath  the  tongue  and  others  he  m 
the  cheek  immediately  below  and  aroimd  the  lower  part  of  the 
ear.  (This  latter  group  is  the  parotid  gland  which  swells  m 
mumps.)  From  each  group  of  cells  a  very  narrow  tube  leads 
up  to  the  mner  surface  of  the  mouth  through  muscle  and 
between  other  cells.  The  saliva  made  in  the  cells  is  poui-ed 
into  this  tube  and  so  reaches  the  mouth.  From  the  appearance 
of  saliva,  what  would  you  say  it  chiefly  consists  of  ^— \\'ater. 
It  also  contains  the  ferment  which  changes  starch  into  sugar. 
It  is  not  known  exactly  what  a  ferment  is.  Where  else  did  we 
find  a  ferment  which  would  change  starch  mto  sugar  ?— In  the 
barley  seed  when  the  plantlet  begms  to  grow.  A\hy  is  it 
necessary  to  cook  rice  or  flour  before  eatmg  it  ?-It  breaks  the 
starch  gram  coats,  so  that  the  ferment  can  get  at  the  starch 
molecules  and  change  them  into  sugar.  •  , ,  • 

How  quickly  does  this  change  happen  ?— Very  quickly,  in 
a  mmute  as  a  rule,  some  of  the  starch  m  the  test-tube  ^^U 
have  changed  mto  sugar.  Do  we  keep  food  long  enough  in  the 
mouth  for  all  he  starch,  say,  m  a  bit  of  bread  to  be  changed 
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No,  but  it  is  a  good  thing  to  keep  it  m  some  time  and  chew  it 
well,  so  that  the  saliva  shall  be  able  to  get  at  as  much  of  the 
food  as  possible. 

Where  does  the  food  go  next  ? — Into  the  first  part  of 
digestive  tube,  which  we  call  the  stomach.  What  is  the 
stomach  lined  with  ?— A  number  of  cells  which,  like  aU  cells, 
contaiia  protoplasm. 

(Diagram  33  from  Sec- 
tion XXII.) 

What  will  happen  to 
the  sugar  which  has 
passed  into  the  stomach  ? 
— Some  will  pass  into 
these  cells,  but  a  good 
deal  will  pass  on  into 
this  long  narrower  tube, 
the  intestine,  and  will 
pass  into  cells  Uniag  it, 
such  as  these  in  Fig.  33. 
Why  do  the  cells  of  the 
body  need  sugar  ? — Pro- 
toplasm can  oxidise  it 
and  so  obtaia  energy. 

Last  time  we  had  a 
picture  of  the  digestive 
tube  it  was  just  an  out- 
line. Here  I  have  put  ia 
liaes  (M).  They  represent 
muscle  fibres.  What  can 
such  fibres  do  ? 

Even     the     stomach  ^f-— Diagram  of^stomach  to  show  muscle 

itself  needs  energy  for 

movement,  the  fibres  shown  here  contract  and  expand,  and  in 
that  way  the  stomach  is  able  to  churn  up  the  food,  and  also 
push  it  on  to  the  long  intestine  tube,  where  all  the  dissolved 
food  can  be  taken  up  by  the  cells. 

Energy  then  is  needed  for  movement.  Is  energy  needed  for 
anything  else  ?  What  did  we  do  with  our  test-tube  contaming 
sahva  and  starch  ?— We  put  it  in  a  water  bath  at  984°  F., 
38°  C.  Why  is  the  digestion  of  starch  by  saliva  best  at  this 
temperature  ?— It  is  the  temperature  of  the  body.  WTiat 
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keeps  ilie  Ixnly  supplied  wifJi  heat  energy  ? — The  oxidation  of 
sucli  foods  as  sugar.  A  ferment  tlusn  has  to  eliange  stareli 
into  sugar  so  that  protoplasm  ean  oxidise  it  and  provide  tlie 
heat  energy  necessary  if  the  ferment  is  to  act  really  quickly 
on  moi'c  sugar.  Why  is  the  heat  that  a  baby  starts  life  with 
not  enough  to  keep  its  temperature  up  to  984°  F.  ?  Suppose 
the  sun  shines  on  snow,  what  happens  1 — The  snow  melts.  If 
you  hold  an  icicle,  what  happens  ? — It  melts.  Why  ? — Your 
hand  gives  up  heat  to  it.  If  we  all  go  into  a  cold  room,  would 
temperature  of  room  be  the  same  after  half  an  hour  'i — No  ; 
we  give  up  heat  to  it. 


Paper  box  with 
perforated  bottom 


Coffee  tin 
Meat 


Inuerted  coffee  tin 
with  perforated  base 


J 


Fig.  40. 


We  "  warm-blooded  "  animals  are  always  giving  up  heat 
to  things  around  us.  The  baby  gives  up  heat  this  way  very 
quickly,  because  it  has  a  large  surface  compared  to  its  size. 
How  do  we  make  up  the  heat  we  lose  ?— By  the  oxidation  of 
foods,  like  sugar  and  fat.  Imagine  a  child  whose  cells  suddenly 
stopped  making  the  ferment  which  changes  starch  mto  sugar, 
and  write  down  what  would  happen,  as  far  as  you  can.  (None 
of  the  starchy  food  could  pass  into  the  cell  protoplasm,  but 
would  be  passed  out  of  the  body  unchanged,  so  no  heat  energy 
would  be  got  from  it.)  a  t  j 

What  food  would  you  give  to  such  a  child  ?— Sugary  foods 
or  fatty  foods,  which  also  are  oxidised  by  protoplasm.  Fats 
also  require  to  be  altered  by  another  ferment  (lipase)  before 
they  will  pass  through  into  the  protoplasm. 
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There  are  other  foods  that  we  eat  besides  starchy  foods, 
sugary  foods,  and  fats.  What  are  some  of  them  ? — Meat,  fish, 
milk,  egg. 

Do  we  eat  tliem  for  the  same  reason  that  we  eat  starchy 
foods,  sugary  foods,  and  fat  ?— You  don't  know  ;  but  if  we 
do,  what  must  these  "  meaty  "  foods  be  able  to  do  for  us  ? — 
Give  us  energy.  How  ? — By  being  oxidised  to  carbon  dioxide 
gas  and  water.  How  shall  we  see  if  this  can  be  done  outside 
the  body  ? — Heat  with  copper  oxide. 

Last  lesson  I  took  some  very  small  pieces  of  juicy  meat, 
about  the  size  of  peas,  and  put  them  in  this  paper  box,  the  floor 


Fig.  41. 


of  which  I  perforated  with  a  pm ,  as  you  see.  This  I  then  placed 
on  the  top  of  an  inverted  small  tin  standing  in  a  larger  one, 
and  put  the  spirit-lamp  under  the  larger  one.  What  happened 
to  the  juicy  meat  ? — It  slowly  dried. 

{N.B. — This  takes  some  hours,  and  probably  some  water 
will  be  left,  but  the  children  will  not  know.)  See,  here  it  is. 
(Show  the  dried-up  pieces  of  meat.)  What  has  gone  away 
from  it  ?— Water.  Why  did  I  thus  bother  to  dry  the  meat  ?— 
Because  I  want  to  try  to  oxidise  it  and  see  if  I  can  get  water 
to  come  off,  as  it  will  do  if  there  is  hydrogen  in  the  meat,  and  if 
water  is  already  there,  I  could  not  tell  if  it  was  that  water  or 
the  water  made  by  oxidation  which  coloured  my  white  sub- 
stance blue. 

Now  one  of  you  can  come  out  and  find  out  if  meat  will  give 
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oil'  carbon  dioxide  gas  and  water  when  healed  with  copper 
oxide.  Grind  down  the  copper  oxide  and  diied  meat  togetlier 
and  pnt  in  test-tube^  as  in  starcli  oxidation. 

Wliat  did  you  snielL  when  we  oxidised  starcla  or  sugar  i — 
There  was  a  smell  of  burnt  sugar. 

What  happens  iicre  ? — 

1.  Lime-water  milky,  litmus  ])iuk. 

2.  Copper  sulphate  turned  l)lue. 

3.  Another  smell,  not  of  burning  sugar. 
What  does  this  tell  you  ?— 

1.  Carbon  dioxide  gas  given  off. 

2.  Water  given  off. 

3.  That  there  is  some  new  substance  here  which  was  not  ui 
sugar.  * 


SECTION  XXVII 


Aim. — To  discover  presence  of  nitrogen  in  white  of  egg,  and  discuss 
its  value  for  buUding  up  protoplasm. 

Requieements. — Raw  white  of  egg.  Test-tubes.  Litmus  paper. 
Hj'ch-ochloric  acid.  Washmg-soda.  Flour.  Muslua.  Diagram  (Fig.  35 
from  Section  XXIII.)  of  ovum.  Spirit-lamp. 

Last  lessou  we  oxidised  some  meat  and  found  that  some- 
thiug  else  was  present  in  it  which  we  had  not  found  in  the 
energy  foods.  This  time  one  of  you  can  oxidise  some  of  this 
raw  white  of  egg.  Let  a  child  take  2  or  3  c.c.  of  white  of  egg 
in  a  test-tube -and  heat.  The  mass  blackens.  There  is  the 
same  smell  as  fi-om  meat.  What  causes  the  blackening  ? — 
The  presence  of  carbon  which  is  not  oxidised.  Here  are  two 
Utmus  papers^ — paper  which  has  been  stained  with  litmus  solu- 
tion. Here  I  have  a  very  weak  solution  of  acid  (1  drop  of 
HCl  to  50  of  water).  I  dip  the  litmus  paper  in,  what  colour 
does  it  go  ? — Piak.  Here  I  have  a  solution  of  washing-soda 
into  which  I  dip  another  paper  ;  it  turns  blue.  What  would 
carbon  dioxide  gas  do  to  this  last  paper  ? — Turn  it  pink.  Let 
another  girl  heat  a  few  c.c.  of  white  of  egg  in  a  test-tube  while 
the  blue  litmus  paper  is  held  at  the  mouth  of  the  tube.  There 
is  no  change,  because  the  carbon  dioxide  gas  dissolves  in  the 
water  present.  There  is  Little  carbon  dioxide  gas,  if  any,  given 
off.  {N.B. — Wash  papers  in  water  or  the  acid  may  be  too 
strong  for  the  ammonia.)  Another  child  heats  a  few  c.c.  but 
holds  pink  litmus  paper  to  the  mouth  of  the  test-tube.  Pink 
turns  blue.  Some  one  else  tries  starch  heated  in  test-tube.  Its 
fumes  do  not  turn  pink  litmus  blue. 

This  substance,  then,  which,  like  washing-soda  turns  pink 
litmus  blue,  is  given  off  as  a  gas  from  meat  and  egg.  Do  you 
think  it  is  washing-soda  ? — No  ;  there  is  no  smelt  from  wash- 
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ing-sodu,  wliicli  is  iiot  a  gas,  uiitl.  docs  jioi  give  olT  tlie  gas  on 
lieating.  Tlio  gas  wliicli  comes  oil  lYom  tliese  foods  is  called 
am.iiioiiUt.  It  is  also  formed  in  stables,  or  wherever  animal  or 
vegetable  waste  is  rotting.  This  decay  is  chietly  due  to 
"  germs."  A  germ  is  rather  like  a  yeast  cell,  so  what  is  it '{ — 
Just  a  single  cell  of  protoplasm,  but  very  nmch  smallei'. 
These  cells  require  food  and  energy,  and  obtain  them  by  attack- 
ing dead  or  living  plants  and  animals,  using  them  as  food 
(breaking  up  the  molecules  of  which  they  arc  made  up  much  as 
starch  and  sugar  are  broken  up  in  the  cells  of  the  body). 

One  result  of  this  breaking  up  is  that  ammonia,  a  very  simple 
molecule,  is  formed. 

Ammonia  (NH.,)  contains  only  nitrogen  and  hydrogen,  so 
is  a  much  simpler  substance  than  meat.  Where  have  we  found 
nitrogen  before  '? — In  air — four-fifths.  Does  nitrogen  in  air 
smell  '? — No  ;  only  when  nitrogen  and  hydrogen  join  do  you 
get  this  smell. 

When  we  heat  white  of  egg  and  get  ammonia  coming  off, 
where  might  the  nitrogen  of  the  ammonia  come  from  1  Air  or 
egg  ?  I  can't  very  easily  prove  to  you  that  it  comes  from  egg, 
but' it  has  been  shown  quite  certainly  that  it  does.  If  we 
heated  the  white  of  egg  in  pure  oxygen  we  should  still  be  able 
to  get  ammonia  and  other  nitrogen  -  containing  molecules 
given  off. 

What  then  are  the  substances  present  in  meat  and  egg  ? — 
Carbon,  hydrogen,  oxygen,  nitrogen. 

Other  substances  are  present,  such  as  sulphur,  but  for  us 
the  important  ones  are  these  four.  What  is  their  great 
difference  from  starch,  or  sugar,  or  fat  They  contain 
nitrogen. 

W^hy  do  we  eat  such  foods  as  meat  and  eggs  They  can 
give  a  certain  amount  of  energy  by  oxidation  of  the  carbon 
and  hydrogen,  but  we  eat  them  chiefly  for  the  sake  of  the 
nitrogen.  We  take  food  for  the  sake  of  the  energy  which  we 
get  from  it.  Do  we  need  food  for  anything  else  ?  Tliink  of 
the  single  cell  from  which  each  living  thing  starts. 

(Diagram  of  an  ovum  (Fig.  35)  from  Section  XXIII.) 

What  has  that  cell  got  to  do  ?— Grow.  What  grows  ?— 
Protoplasm.  How  ?— By  building  up  food  into  itself._  But 
protoplasm  must  have  certain  special  foods  fi-om  which  to 
build  up  new  protoplasm,  and  these  are  the  foods  coutammg 
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nitrogen,  as  such  things  as  muscle  cell,  slieaths,  and  tendon 
tibres  can  only  be  built  up  if  nitrogen  is  present. 

What  other  foods  contain  nibrogen  ?  Does  flour  ?— We 
know  that  iiour  contains  starch,  and  starch  does  not  give  off 
ammonia  when  heated.  Is  flour  all  starch  ?  (At  beginnmg 
of  lesson,  let  a  child  make  a  sort  of  bag  of  fairly  fine  mushn, 
place  flour  in  it,  and  knead  in  water,  letting  the  water  only 
reach  flour  through  the  muslin,  and  emptying  water  away 
till  at  last  on  kneading  it  hardly  shows  milky.) 

1.  Boil  some  of  the  water  in  which  flour  kneaded  ;  cool,  and 
test  with  iodine.    What  does  the  blue  colour  show  ? — Starch. 

2.  Take  some  of  the  sticky  mads  left  in  the  muslin  (gluten,, 
the  proteine  or  nitrogen  food  in  flour)  and  heat  it  in  a  test-tube, 
testing  for  ammonia  with  damp  pink  litmus  paper.  Note  alsO' 
blackening  of  heated  mass  due  to  carbon.  What  do  you  find  ? 
— Ammonia  is  given  off,  so  there  are  at  least  two  substances- 
in  flour :  starch,  an  energy  food,  and  a  nitrogen  food  which 
will  be  used  to  build  up  fresh  protoplasm.  Do  animals  need 
new  protoplasm  once  they  have  stopped  growing  ?• — Yes ; 
parts  are  always  wearing  out  and  having  to  be  buflt  up  again  ; 
the  protoplasm  itself  is  always  being  used  ap  in  the  process,, 
so  that  more  has  to  be  made.  So  all  your  life  you  need  these 
foods  for  protoplasm-buUding  purposes.  Do  you  think  flour 
and  meat  and  egg  will  give  any  energy  ? — Yes,  for  all  contain 
carbon  (blacken  when  heated)  and  hydrogen  (water  produced 
when  oxidised  with  copper  oxide),  but  they  do  not  give  as  much 
energy  as  the  foods  which  only  provide  the  body  with  carbon, 
hydrogen,  and  oxygen.    Some  one  write  up  on  board  two  lists. 


Energy   foods    contain  carbon, 
hydrogen,  oxygen. 

ProtoiDlasm-buildLng  foods,  giving 
less  energy,  contain  carbon, 
hj'drogen,  oxygen,  nitrogen, 
and  other  substances. 

Fally  foods — Butter,  lard,  mar- 

Meats. 

garine,  milk. 

Fish. 

Siigary  foods — Treacle,  sugars, 

Eggs. 

jams. 

Flour. 

Starchy  foods — Flour,  potatoes. 

Milk. 

Which  come  in  both  Hsts  ?— Flour  i.e.  bread,  and  milk. 


SECTION  xxvm 

Aim. — (1)  To  discover  the  necessity  for  presence  of  another  ferment 
besides  that  in  saliva  which  alters  starch  to  sugar  ;  (2)  to  discuss  the 
effect  of  alcohol  on  digestion. 

Requirements. — Hard-boiled  white  of  egg,  cut  in  small  dice,  and 
one  or  two  placed  in  test-tube.  Few  c.c.  of  "saliva.  Water  bath  and 
digestion  apparatus  of  Section  XXV.  Benger's  Liquor  Pepticus 
solution.    2  per  cent  HCl  (hydrochloric  acid),    i'igs.  39  and  42. 

Why  especially  do  you  eat  foods  like  egg,  milk,  meat,  fish  ? 
— Because  they  contain  nitrogen.  How  do  you  know  ? — They 
give  oil"  ammonia,  and  I  told  you  that  contains  nitrogen  and 
hydyogen.  Why  is  nitrogen  necessary  ? — Protoplasm  can't 
be  made  without  it.  What  does  protoplasm  do  in  the  body  ? — 
It  builds  up  all  its  parts.  Name  some. — Muscle,  bone,  blood. 
Have  you  ever  foimd  any  nitrogen  in  muscle  ? — Yes,  when 
we  heated  meat  and  got  ammonia  given  off.  "  Meat "  is 
largely  the  muscle  of  the  animal. 

Could  you  live  on  starch,  sugar,  and  fat  only  ? — No.  Why 
not  ? — Because  they  contain  no  nitrogen.  (Protoplasm  has 
not  the  power  of  using  the  nitrogen  in  the  air.)  Which  foods 
contain  this  absolutely  necessary  nitrogen  ? — Meat,  fish,  bread, 

egg-  •  .  . 

What  happens  to  a  bit  of  white  of  egg  when  you  eat  it  ? — 
It  gets  mixed  with  the  saliva,  and  passes  into  stomach.  Do 
you  think  it  can  get  through  into  the  protoplasm  of  cells  lining 
the  stomach  and  digestive  tube  ? — (Recall  Experiment  XY.) 
The  white  of  egg  did  not  pass  through  the  parchment  cup,  and 
as  a  matter  of  fact  neither  can  it  pass  into  the  protoplasm  of 
those  cells.  How  does  starch  get  through  ? — It  is  changed 
by  ferment  in  the  saliva  and  broken  up  into  the  smaller  mole- 
cules of  sugar,  which  can  get  through. 

How  can  we  find  out  if  saliva  will  change  white  of  egg  as 
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it  changes  starch  ?— Cut  out  a  few  small  dice  from  hard-boiled 
white  of  es^s,  place  one  in  a  few  c.c.  of  saliva  in  test-tube,  and 
leave  in  water  bath  at  38°  C.  for  ten  minutes.  Pass  the  tube 
round.  Children  write  down  if  they  see  any  change.  White 
of  egg  appears  quite  unchanged.  Return  to  bath  and  examine 
at  end  of  lesson.  Still  unchanged.  So  saliva  will  not  change 
white  of  egg  as  it  does  starch.  In  fact  it  has  no  action  on^xny  of 
the  nitrogen-containing  foods.  How  then  are  they  rnade  able 
to  pass  through  into  the  protoplasm  of  the  cells  lining  the 
digestive  tube  ? 

(If  Benger's  Liquor  Pepticus  can  be  obtained,  let  children 
do  and  describe  following  digestion  experiment,  but  it  is  rather 
expensive,  and  as  they  have  had  one  instance  of  digestive 
action  they  can  perhaps  be  told  about  the  existence  of  other 
ferments  acting  on  the  other  food  substances.) 

It  has  been  discovered  that  just  as  there  are  cells  which 
make  a  ferment  acting  on  starchy  food,  so  there  are  ceUs  which 
make  cuwlher  ferment  which  breaks  up  the  big  nitrogen  food 
molecule  into  smaller  ones  which  can  pass  into  the  protoplasm 
of  the  cells  liniag  the  digestive  tube.  The  protoplasm  of  some 
of  these  cells  makes  this  ferment  and  passes  it  with  water  (and 
a  tiny,  tiny  amount  of  acid,  2  per  cent  HCl)  into  the  tube  itself, 
where  it  breaks  up  the  nitrogen  food  molecule  into  smaller  ones 
that  are  soluble  and  can  pass  into  the  protoplasm. 

{Experiment. — Here  is  a  liquid  which  has  been  taken  from 
the  stomach  of  some  such  animal  as  the  pig,  and  here  in  these 
two  test-tubes  I  have  a  small  square  of  hard-boiled  white  of  egg, 
and  in  these  two  some  very  finely -minced  raw  meat  (enough 
to  spread  thinly  on  a  sixpence).  Quarter  fill  all  four  tubes  with 
water  (containing  2  per  cent  HCl),  then  add  to  one  meat-tube 
and  one  egg-tube  5  drops  each  of  the  juice  taken  fi'om  the 
animal's  digestive  tube,  (Benger's  Liquor  Pepticus  or 
Glycerole  Pepsin.)  Where  shall  we  leave  the  tubes  ? — In  the 
water  bath  at  38°  C.  Why  ? — -Because  that  is  just  above  the 
temperatm-e  inside  the  digestive  tube.  We  must  leave  it 
longer  than  om-  starch-digestion  experiment,  because  the  food 
stays  much  longer  in  the  stomach  (1  to  5  hours). 

We  wUl  start  it  in  this  lesson  and  warm  up  again  in  next 
until  we  have  had  it  going  at  least  two  hours,  and  then  examine 
the  contents  of  the  tubes.  We  should  find  at  least  some  of 
the  white  of  egg  and  some  of  the  meat  has  disappeared.  Why 
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do  we  need  l.o  \>n\,  some  ol;  each  in  water  onl}' 
tliein  wil.li  l.liose  which  have  been  treated  witli  tlie  I'eriiient. 

(If  experiment  not  performed,  describe  it  only,  and  let 
children  di  a  w  diagram  and  name  contents  oi  tubes.) 

What  will  liapi^en  to  the  lood  thus  treated  and  digested  ? 
— Some  will  pass  into  the  jjrotoplasm  of  the  cells  in  stomach, 
most  passes  on  into  the  long  narrower  coiled  tube  which  comes 
next,  and  all  that  is  soluble  is  there  taken  up  into  cells  lining  it, 
and  later  on  we  will  see  what  happens  to  it  next.    But  some 


Pancreas  or  Sweetbread  juice 
acts  on  Nitrogen  foods,  Starcliy 
foods,  Fatty  foods. 


Position  of  cells  making  Juice 
which  acts  on  Starchy  foods 


Gullet 


Stomach  Juice  acts  on 
Nitrogen  food 


I  Long  surface  of  Intestine  (Bowels) 
\  in  which  most  food  is  absorbed 
\  Length  =  25 feet 


Fig.  42. 

food  is  pushed  further  on  into  the  narrower  tube  still  not  dis- 
solved, and  so  still  other  ferments  are  made  and  passed  into  the 
tube  to  digest  it.  We  will  just  add  to  our  diagram  (39)  of 
the  digestive  canal  the  particuJar  parts  where  these  juices 
with  their  ferments  are  made  (Fig.  42).  P  is  a  very  im- 
portant collection  of  cells  which  produce  three  fernients,  one 
acting  on  starchy,  one  on  nitrogen  foods,  and  a  thir-d  on  the 
thkd  kind  of  food  which  has  to  be  made  able  to  pass  into  the 
cells.  Which  food-stuff  do  you  think  that  is  'l—Faihj  foods. 
The  liver  cells  also  make  a  very  important  juice  (bile)  which 
helps  this  digestion  of  food. 
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The  makintr  of  all  these  juices  to  carry  out  digestion  means 
the  speudiusr^of  much  energy  by  protoplasm,,  and  to  do  it 
properly  it  ^must  be  healthy.  Alcohol  in  small  quantities 
seems  to  cause  more  of  the  juices  to  be  made,  but  yet  the  extra 
ferment  does  not  cause  a  more  rapid  digestion  of  any  of  tlie 
foods,  because  alcohol  interferes  with  the  chemical  actioii  of  the 
ferment.  If  you  do  extra  work,  and  the  extra  work  is  of  no 
use  to  any  one,  is  it  worth  doing  ?— It  is  a  waste  of  energy. 
Alcohol  has  other  bad  effects  on  digestion,  one  of  them  is  its 
effect  on  the  muscles  of  the  stomach. 

(Diagram  39,  showing  muscle  fibres  crossing  stomach .) 

If  these  muscles  running  in  various  directions  round 
stomach-wall  contract,  what  will  happen  to  food  inside  ?— It 
will  be  churned  up  and  well  mixed.  Also  certain  muscles  run 
round  the  narrow  end,  where  the  stomach  joms  the  next  part 
of  digestive  tube  (S).  If  these  relax,  lengthen,  what  will 
happen  to  S  ?— The  tube  widens,  and  the  food  which  is 
ready  will  be  passed  on  fi-om  the  stomach  to  the  next  part  of 
the  digestive  tube. 

What  makes  muscle  contract  and  lengthen  ? — Messages  from 
the  nerve  cells  of  the  protoplasm  m  the  brain.  In  a  healthy 
person  these  messages  arrive  contmually,  and  so  by  movements 
of  the  stomach  the  food  is  well  mixed  with  the  ferment  juice  and 
is  passed  on  at  the  right  time. 

What  does  alcohol  do  to  nerve-cell  protoplasm  ? — Makes 
it  "  sleepy  "  and  unable  to  send  such  messages,  and  so  churning 
movements,  etc.  are  not  carried  on  vigorously,  and  digestion  is 
slowed. 


SECTION  XXIX 

Aim. — (1)  Revision  of  food  classification  ;  (2)  comparison  of  milk 
and  stout  as  foods. 

Requirements. — Water  bath.  Test-tubes.  Litmus  papers.  Copper 
sulphate,  ammonia,  and  hydrochloric  acid  (2  per  cent).  Fehling  solu- 
tion. 2  paper  strips  divided  into  100  parts  each  on  large  sheets  of 
squared  paper  faintly  ruled. 

Prefatory  Note  to  Teacher  on  Constitution  of  a  Perfect  Food 

For  a  growu-up  perfectly  healthy  person,  i.e.  an  adult  with- 
out disease,  in  whom  all  the  difl'erent  constituents  of  the  body 
are  in  absolute  physiological  proportion,  one  to  another,  a 
perfect  food  would  be  such  material  as  woidd  exactly  maintain 
that  proportion  and  thus  keep  that  body  in  equilibrium  ;  for  a 
growing  child  it  would  be  the  same,  with  due  proportionate 
growth  material  in  addition.  A  food  becomes  less  and  less  valu- 
able as  it  falls  below  that  standard,  but  it  continues  to  remain 
a  true  food,  though  it  may  be  a  very  poor  one,  so  long  as  all 
that  it  does  do  contributes  to  maintaining  the  body  in  health. 

But  as  soon  as  it  contains  within  itself  some  substance 
destructive  to  or  injurious  to  the  body  it  ceases  to  belong  to  the 
category  of  true  foods  and  belongs  to  the  poisons. 

A  good  example  of  an  imperfect  food  is  skim  milk  for  a  baby  ; 
babies  so  fed  get  rickets,  but  not  because  there  is  something 
in  the  milk  which  should  not  be  there,  but  because  something 
is  wanting  which  ought  to  be  there  ;  add  the  missing  fat  and 
it  becomes  a  perfect  food.  Alcohol,  on  the  other  hand,  is  itself 
harmful,  like  all  protoplasmic  poisons,  and  no  amoimt  of  addi- 
tional material  would  alter  that  fact,  and  it  is,  therefore,  in  no 
sense  a  true  food. 


What  is  the  action  of  saliva  on  starch  and  on  white  of  egg  ? 
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What  is  the  action  of  the  juice  made  by  the  cells  liniug  the 
stomach  on  starch  and  white  of  egg ^ 

What  is  the  use  of  the  foods  bemg  thus  digestecl 
They  pass  into  protoplasm.    What  does  protoplasm  do  with 
these  foods  i—lt  oxidises  and  obtains  energy  tvom  them  or 
builds  them  up  into  fresli  protoplasm.    What  is  built  up  from 
the  protoplasm  ?— iUl  the  body.    Muscle,  bone,  blood,  nerve 

cells,  etc.  ,.   1     I-  11     •  i 

Let  the  children  draw  rough  sketches  of  the  following  to 

illustrate  sequence  of  events. 

1.  Cell  with  protoplasm.  .  . 

2.  Cell  with  protoplasm  secreting  the  ferment  contaimng 
granules,  which  may  be  either  saliva  or  gastric  ferment. 

3.  Foods— 


Specially  energy. 

Energy  and  protoplasm 
building. 

Specially  protoplasm 
building. 

A.  Starch  grain. 

B.  Fat  globule. 

C.  Lump  of  sugar. 

1.  Glass  of  milk. 

2.  Loaf  of  bread 

L  A  chop. 

2.  An  egg. 

3.  A  herring. 

4.  Diagram  of  protoplasm  seizing  a  molecule  of  A,  B,  or 
C,  and  oxidising  it.  Represent  latter  molecule  as  containing 
CH  and  0  only. 

5.  Diagram  of  protoplasm  seizing  molecule  of  1,  2,  or  3, 
and  building  it  into  itself  ;  represent  molecule  as  containing 
CHO  and  N. 

6.  A  child  running,  or  talking,  or  thinking. 

Which  are  the  most  expensive  foods  ? — The  nitrogen-con- 
taining ones ;  but  we  must  have  them,  if  we  are  to  grow  and 
have  healthy  protoplasm.  It  means  that  we  must  not  waste 
any  money  on  things  that  are  really  not  good  food.  Does 
alcohol  contain  any  nitrogen  ? — We  can't  test  it  with  litmus 
when  we  heat  it,  because  it  goes  away  as  gaseous  alcohol,  but 
when  it  is  burnt,  there  is  no  such  smell  as  comes  from  the 
nitrogen  foods  which  we  have  had  so  far.  In  fact,  alcohol  only 
contains  CH  and  0,  so  it  cannot  build  up  protoplasm.  We 
have  put  down  milk  as  a  food  that  contains  both  nitrogen  food 
and  the  more  especially  energy-giving  food.  What  does  milk 
chiefly  consist  of  1 — It  might  contain  water.    How  can  we. 
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cliilil  cdmi-  mit  and  drive  water  oui  of  biuo 
crystals  (of  cupper  sulpliate)  by  heating  a  few.  Place  those  of 
the  resulting  white  masses  a'bout  2  inclies  a])art  on  a  glass 
plate.  J_)rop  a  di'op  of  water  on  one  and  a  di'Ojj  of  milk  on  tiie 
other.  l>oth  tui'u  blue  because  water  is  present.  Milk  contains 
much  water. 

Here  is  a  strip  of  ])a]jer  divided  into  100  j^arts  to  represent 
100  dro])S  of  milk. 

Divide  olf  87  parts  by  blaclc  lines,  that  shows  the  watei-  in 
100  parts.  Here  is  a  flat  dish  of  milk  which  has  "  stood  " 
since  last  night.  What  is  the  yellowish  mass  on  top  ?— Cream. 
Which  kind  of  food  is  cream  'i — Fatty,  energy-giving. 

Colour  3-7  parts  green  on 
paper  =  fat  in  100  parts  milk. 
Level  of  I  skim  olf  the  fat.  Do  ^■ou 
water  ^1,^^]^-  there  is  any  more  food 
left  in  skim  milk  i  Some  one 
come  out  and  boil  about  10 
drops  of  the  skim  milk  in  the 
evaporating  dish.  Boil  drv, 
and  say  what  you  notice 
(others  write).  As  it  begins  to 
dry  up  notice  stringy  bits  in 
bubbles,  at  last  browns  and 
blackens,  and  smells.  What 
has  happened  ?  —  The  water 
has  been  driven  off,  the  substance  in  the  milk  becomes  solid 
and  is  fiiially  broken  up.  There  is  some  carbon  left.  Some  of 
the  substance  oxidised.  How  could  we  cook  milk  best  without 
thus  "  burning  "  it  ? — In  a  cup,  placing  the  cup  inside  a  water 
bath  ;  water  to  reach  above  the  level  of  the  milk  in  the  cup. 

What  forms  on  the  surface  of  the  milk  ? — A  sort  of  "  skin  " 
(coagulated  albumen,  part  of  nitrogen  food  in  milk).  After 
milk  has  bubbled  for  some  time,  remove,  and  leave  to  cool. 
{N.B. — Formation  of  "  skin  "  in  any  c[uantity  may  be  avoided 
by  at  once  plunging  the  cup  into  cold  water ;  this  avoids  the 
usual  waste  of  this  part  of  the  nitrogen  food  in  milk.)  What 
is  this  skin  ?  After  ten  minutes  remove  the  skin  and  wash 
gently  in  a  saucer  to  remove  any  fatty  particles.  Place  some 
near  open  end  of  the  test-tube  and  heat,  holding  a  blue  and  a 
pink  litmus  paper  near  the  mouth. 


Fig.  43. 
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.5._Prepare  these  litmus  papers  carefully,  so  that  one 
is  a  good  blue  and  the  other  a  good  pink,  or  it  is  dvlhcult  to 
tletect  tlie  colour  change.  Plold  one  in  mouth  of  ammonia 
bottle,  and  dip  other  iji  weak  {e.g.  2  per  cent)  liydrochloric  acid, 
next  washing  both  in  water.  Have  two  of  each  colour  for 
comparison.) 

Pink  ntmus  is  turned  blue.  What  does  this  show  the 
presence  of  1 — Ammonia.  Wliat  does  ammonia  contain  ?— 
Nitrogen,  so  milk  contains  nitrogen  food.  Blue  litmus  is 
turned  pink,  showhig  acid  body  present  too.  Heating  has 
brought  about  oxidation  and  breakmg  up  of  this  nitrogen  food. 

So  cow's  milk  also  contams  nitrogen  food  (3-5  per  cent). 
What  other  test  have  we  used  for  nitrogen  food  ?  Recall  test 
for  white  of  egg  (Section  XV.).  To  ^th  of  a  test-tube  of  milk 
(meaty  or  nitrogen  food)  add  1  c.c.  nitric  acid,  liquid  1. 
Boil,  cool,  add  a  drop  or  two  of  liquid  2  (ammonia),  the  yellow 
colom-  turning  orange  confirms  presence  of  nitrogen  food  in 
milk.  Test  for  sugar  (with  Fehling,  Section  XXII.).  Orange 
precipitate  shows  sugar  present  (  =  lactose). 

Let  some  one  come  out  and  mark  the  strip  divided  into  100 
parts. 

Leave  white  87  parts  =  Water. 

,,     gi'ey     4     ,,    =  Nitrogen  foods. 

„     bhie     4    „    =  Sugar,  specially  useful  for  energy. 

„     green    4     „  =Fat. 

„     black    1     „    =  Other  substances  (salts). 

A  grown  man  doesn't  want  so  much  nitrogen  food  in  pro- 
portion to  the  amount  of  energy  food  in  his  food.  Do  you  think 
a  child  wants  more  or  less  nitrogen  food  ?  What  is  the  nitrogen 
food  chiefly  used  for  ? — For  the  growth  of  protoplasm  and 
building  up  body  parts,  so  a  child  wants  more  of  it.  Milk  is 
a  very  good  food  for  young  growing  children,  quite  good  for 
grown-ups  if  they  take  plenty  of  other  energy  foods.  Why 
would  milk  be  a  good  food  for  any  one  after  an  illness  ? — Because 
they  want  to  build  up  fresh  muscle.  For  what  is  water  specially 
needed  in  the  body  ? — To  dissolve  up  all  other  foods  and  so 
make  it  possible  for  them  to  pass  into  protoplasm.  None  of 
the  work  of  the  body  could  be  done  without  water. 

Now  let  us  compare  milk  with  another  drink  some  people 
think  is  a  food — stout.  What  do  you  think  is  in  stout  ? — 
Alcohol.    How  much  ? — Five  parts  in  about  100. 
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Here  is  another  strip  of  paper  divided  into  100  ])arts. 
Marie  5  of  t,lie  parts  red,  for  alcoliol.  Is  aleoiiol  good  for 
pi-()to|)lasni  ?  It  stops  its  growth  if  only  liow  much  is  present  ? 
V\\H^  per  cent  almost  entirely  stopped  yeast,  2  ])er  cent  hindered 
tadpoles.  So  we  (;annot  call  the  alcohol  in  stout,  food.  There 
is  no  fat  in  stout.  There  may  be  about  --I  per  cent  nitrogen  food 
in  stout.  Therefore,  mai-k  -4  of  one  of  the  divisions  grey  (but 
in  some  oatmeal  "  stouts  there  has  been  found  even  less, 
only  -2  per  cent  nitrogen  food).  About  2  per  cent  of  sugai-  is 
]n'esent  in  some  stouts,  so  mark  2  parts  of  the  strip  blue. 

Stout  strip — ■ 

Leave  white  89'5  parts  AVater. 
,,     red       5-0         =  Alcohol. 
.,     grey       -4     ,,    =  Nitrogen  food. 

blue     2-0     .,    =  Sugar. 
,,      black    3-1     ,,    =  Other  suListances  not  food.s. 

Is  there  anything  specially  belonging  to  the  stout  which  will 
make  up  for  the  poisonous  effect  of  alcohol  on  protoplasm  ? 
— Nothing  at  all.  Milk  has  much  more  of  all  the  foods  needed, 
milk  has  no  poisonous  S'uhstance  in  it.    Milk  is  cJieaper. 


SECTION  XXX 


Aim. — (1)  To  explain  tho  evil  effects  of  long-brewed  tea  ;  (2)  to  sum 
ap  work  on  foods. 

Requirements. — Filtered  raw  white  of  egg  solution  (snip  white  of 
egg  with  scissors  in  all  directions,  mix  with  100  c.c.  or  50  times  own  bulk 
of  water,  previously  boiled  and  cooled  ;  filter).  Tea.  3  small  medicine 
bottles.    Flat  dish.    Sqiiared  paper  for  children. 

Last  lesson  we  compared  two  drinks,  one  a  good  drink, 
giving  energy  and  building  np  protoplasm.  What  was  that  ? 
— Slilk.  And  the  other  bad  one^  what  was  that  ? — Stout. 
Why  is  stout  bad  ? — Because  the  alcohol  in  it  poisons  the 
protoplasm  and  so  prevents  churning  action  by  the  muscles 
of  the  stomach.  It  also  causes  increased  work  by  protoplasm. 
How  ? — Protoplasm  makes  more  digestive  juice.  Is  this  any 
use  ? — NO;  because  it  has  been  found  that  there  is  practically 
uo  increase  in  the  digestion  of  the  food  even  when  only  as  little 
as  two  glasses  of  ale  are  drunk^  and  with  more  alcohol  than  this, 
the  digestion  is  actually  slowed.  This  lesson  we  will  compare 
the  action  of  another  drink — tea. 

Foods  that  are  particularly  affected  by  tea  are  the  nitrogen- 
containmg  foods,  so  we  will  take  one  of  those  to  test.  What 
were  they  ? — Meat,  egg,  milk,  bread.  We  will  choose  white 
of  egg,  raw  (see  Kavenhill,  p.  420).  Let  one  girl  place  3 
grams  (  =  2  teaspoonfuls)  of  tea  in  a  warmed  200  c.c.  flask  and 
pour  100  c.c.  boiling  water  over  the  tea.  Wrap  up  the  flask 
in  flannel  to  keep  warm.  Have  ready  3  vessels  (3  small 
medicine  bottles)  standing  in  water  bath  kept  at  38°  C.  Divide 
the  filtered  egg  white  into  3  equal  parts,  placing  one  part 
in  each  of  the  three  vessels. 

When  the  tea  has  infused  for  5  minutes  pour  about  15  c.c. 
into  one  of  the  vessels  (a)  containing  the  egg  white.  After  the 
tea  has  infused  for  20  minutes  add  15  c.c.  of  this  stronger 
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infusion  to  a  second  vessel  (h),  and  after  30  minutes  15  c.c.  of 
the  still  stronger  infusion  of  tea  to  the  third  vessel  (c). 
Children  make  chart  as  follows  : 

Vessel  (rt),  30  c.c.  egg  wliite  solution  and  15  c.c.    5  inin.  tea. 
„      {!)),  30  c.c.      "      „  „  1')  c.c.  20 

„      (c),  30  c.c.  „  „  15  c.c.  30 

After  leaving  10  minutes  in  the  water  bath  examine  the 
vessels  for  the  amount  of  solid  formed. 

What  is  noticed  in  each  case  after  10  minutes  ? — A  little 
precipitate  in  the  one  containing  tea  brewed  for  only  5  minutes. 

Far  more  in  that  to  which  tea  brewed  for  30  minutes  was 
added. 

This  precipitate  means  that  a  substance  called  tannin  joins 
with  some  of  the  nitrogen  food  and  makes  an  insoluble  sub- 
stance. Why  should  there  be  more  tannin  at  the  end  of  30 
than  at  end  of  5  minutes  ? — It  takes  time  to  dissolve  the  tannin 
out  of  the  leaves.  At  end  of  5  minutes  most  of  the  tannin  is 
still  left  in  the  leaves  and  cannot  then  act  on  the  nitrogen  food. 
But  does  it  matter  if  some  of  the  nitrogen  food  is  thus  turned 
iritto  a  precipitate  ? — An  insoluble  body  like  that  can't  pass  to 
protoplasm,  and  so  will  be  of  no  use  for  buildmg-up  processes. 

So  if  we  want  the  tea  we  drink  not  to  mterfere  with  digestion 
and  the  use  of  the  rest  of  the  food,  how  must  we  make  it  'i— 
Pour  fresh  boiling  w^ater  on  leaves  and  pour  the  liquid  ofi  after 
5  minutes  into  another  hot  pot,  or  make  the  tea  in  a  bag  and 
remove.  How  does  tea  differ  fi-om  alcohol  in  its  efiect  on 
dio-estion  ?— Tea  is  harmless  if  it  is  properly  made,  and  the 
hoi;  water  with  which  it  is  made  helps  the  digestion.  The  only 
evil  of  tea  is  that  when  it  is  badly  made  it  seems  to  render 
certain  foods  indigestible.  Alcohol  even  in  smaU  quantities 
hurts  protoplasm.  Tea  does  not  contain  any  real  food  for  the 
body  but  another  substance  that  is  in  it  besides  the  tannm, 
appears  to  make  the  protoplasm,  especially  of  the  bram  ceUs, 
work  more  easily,  so  we  call  it  and  it  is  a  "  stimulant.' 

(Children  now  make  charts  on  squared  paper  to  sum  up 
•  work  on  foods.) 

Colour  Protoplasm -buildmg  food  areen. 

Energy  food  Blue. 

Water  TI/«/e. 

Salts  ,  DoUed. 
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Leave  at  top  of  each  column  numbers  of  squares  to  represent 
prices. 


Per  100  parts  approximately. 

Kelative 

Footl. 

price  in 
number  of 
squares. 

ProtoiJlasin 
Food. 

Enorpy 
Food. 

Water. 

Suits. 

. 

20 

2 

70 

1 

6 

ii^oik,  otl.  lb 

12 

26 

61 

•05 

D 

J\iilk,  .i.iii.  quart 

4 

8 

87 

•6 

3 
f 

of  square 

Margarine  . 

1 

84 

9 

7 

4 

32 

31 

27 

4 

6 

Eggs.  1=2  oz.  =  l.  . 

13 

9 

65 

8 

Bread.  Id.  lb  . 

7 

52 

40 

1 

1 

Rice,  3d.  lb 

7 

SO 

12 

1 

3 

Herring,  h  lb  Id. 

24 

9 

53 

2 

Oatmeal,  2d.  lb 

14 

73 

7 

2 

i 

(See  other  foods,  Ravenhill,  p.  282.) 

ComjMre  milk  and  a  so-called  "  milk  stout  "  in  same  way. 


Food. 

Per  100  parts  approximately. 

Relative 
price  in 
number  of 
squares. 

Protoplasm 
Food. 

Energy 
Food. 

Water. 

Salts. 

]Vlilk  .... 

4 

8 

87 

•6 

f 

MiDc  stout  . 

1 

.1. 
4 

90 

•4 

of  square 
1 

square 

[N.B. — This  is  taking  price  of  stout  to  be  5d.  a  pint — price 
of  milk  3-kl.  for  2  pints.) 

So  would  need  28  times  as  mucli  stout  to  get  same  am.ouni  of 
nitrogen  or  protoplasm  food  from  stout  as  from  milk.  Cost  would 
be  35  times  as  great. 


I 


SECTION  XXXI 

Am. — Revision.    Comparison  of  alcohol  with  true  foods. 
What  do  ive  need  food  for  ? 

1.  To  give  us  energy.  What  for  ?— For  heat  to  keep  the 
Lody  at  the  right  temperature.  For  anything  else  ?— For 
movements  inside  and  outside. 

2  For  building  up  new  protoplasm  or  life  substance.  W  hat 
is  the  use  of  protoplasm  ?— The  protoplasm  buHds  up  muscles, 
blood,  bone,  and  makes  such  things  as  saliva,  and  other  diges- 
tite  tube  juices  containing  ferments. 

What  foods  give  us  energy  Starchy,  sugary,  fatty,  chietly  ; 
nitrogen  foods  to  certain  extent. 

Why  ?— They  contain  carbon  and  hydrogen,  which  can  be 

oxidised.  .    ,  ,  ■  -n.  t^^ 

(]\r.B.— Fatty  foods  give  about  double  energy,  weight  tor 

weight,  that  starchy  or  nitrogen  foods  can  give.) 

What  foods  can  build  uf  2^rotoplasm  ?—Me&t,  milk,  bread, 

cheese,  egg,  fish. 

W]iy  \ — They  contain  nitrogen.  . 

Can  they  give  energy  ?— Yes,  for  they  also  contain  carbon 
and  hydrogen,  but  not  so  much  as  such  purely  energy  foods,  as 

^''""Therefore,  on  which  could  you  live  longest  1-Xitrogen 
foods.  Could  you  live  on  the  purely  energy-givuig  foods 
No  Why  ?-We  must  have  nitrogen.  Why  ?-For  growth, 
body  building.  What  must  happen  to  all  foods  be  ore  they 
are  of  any  use  to  the  body  ?-They  must  be  digested,  ^^hat 
fs  digest'L  ?-Making  tl/e  food  soluble.  *  (Food  molecules 
broken  up  into  smaller  molecules  so  that  they  can  get  mto  the 
cell  pToto^plasm  lining  the  digestive  tube  and  to  other  parts  of 
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the  body  where  energy  or  material  is  needed.  By  wliat  are 
molecules  thus  broken  up  0  *  .  .  , 

How  is  food  made  soluble  ?— By  ferments  m  juices,  such  as 
saliva  from  tlie  mouth  and  digestive  tube  juice  m  stomach. 

What  reasons  have  you  for  thinking  alcohol  could  be  used 
as  a  food  ? 

1.  It  contains  carbon  and  hydrogen  and  so  can  give  energy. 

2.  It  is  soluble,  and  passes  easily  through  into  the  proto- 
plasm of  the  lining  cells  of  the  stomach  wall. 

Why  then  don't  we  use  it  as  a  food  ? 
What  is  its  action  on  the  stomach  ? 

1.  It  slows  digestion  by  slowing  the  churning  action  of  the 
stomach  muscles.  Can  it  be  used  as  a  builder  of  protoplasm  1 
— No.    It  contains  no  nitrogen. 

2.  It  does  not  quicken  digestion  when  present  in  the  diges- 
tive tube  juices,  and  in  any  amoimt,  e.g.  more  than  2  glasses 
of  5  per  cent  beer  or  1  glass  of  brandy,  actually  slows  it. 
Even  in  the  smallest  quantity  usually  drunk  it  increases  the 
amount  of  digestive  tube  juice  without  quickening  digestion, 
and  so  makes  the  protoplasm  work  harder  than  it  need  and 
use  up  energy  and  material  wastefully. 

3.  It  hurts  the  protoplasm  itself,  first  making  it  less  active, 
and  finally,  in  any  quantity,  Idlling  it,  as  we  saw  in  yeast. 

4.  It  is  much  more  expensive  (nearly  30  times)  than  other 
energy-giving  foods,  such  as  milk.  Has  alcohol  any  advantages 
which  the  real  foods  have  not  got  when  taken  in  the  right 
amoimts,  as  you  usually  have  them  ? — Not  one. 

Write  an  essay  on  :  "  What  I  think  is  the  best  food,  and 
why." 
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Brain 


Aim. — To  see  how  the  iiinumorcablc  blood-vessels  act  as  channels 
along  which  digested  and  absorbed  food  can  be  conveyed  to  all  parts  of 
the  body. 

{N.B. — All  mention  of  part  played  by  lymph  omitted.) 

Requxrbments. — Paper  model  of  arm  in  layers,  enlarged  from 
Fig.  45.  Diagram  of  part  of  digestive  tube  with  branchiiig  capil- 
laries spreading  over  it  (Fig.  21).    Fig.  44.    Rabbit's  leg. 

So  far  we  liave  discussed  the  kinds  of  food  needed  by  the 
body,  and  how  they  are  prepared  or  digesled  in  the  digestive 
tube  ready  for  the  protoplasm,  and  we  have  seen  that  they  can, 

when  thus  digested,  pass  into 
the  protoplasm  of  the  lining 
walls  of  the  digestive  tubes. 

Where  must  the  digested 
food  go  to  be  of  use  ? — To 
all  parts  of  the  body.  Let  us 
suppose  that  here  at  B  we 
have  some  bram  ceUs  needing 
more  food  for  the  growth  of 
their  protoplasm  or  for  energy, 
and  here  at  D  you  have  food 
just  passing  through  the  diges- 
tive tube.  wall. 

What  is  between  the 
digested  food  at  D  and  the 
brain  cell  at  B  ? — Muscle,  fat, 
bone,  and  all  the  cells  which 
make  up  the  lungs.  What  path  across  and  tln'ough  the  body  can 
our  digested  and  dissolved  particle  follow  ?  Will  it  just  soak 
through  the  parts  of  body  between  it  and  the  brain  ?  When 
we  want  to  bring  a  supply  of  water  to  the  tap  in  the  kitchen 
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Fig.  44. 
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from  a  tank  do  we  let  the  water  soak  through  to  the  tap  along 
any  patli  ?  How  do  we  bring  it  ?— In  tubes  or  pipes.  Has 
the  body  any  tubes  by  wliich  the  food  from  the  digestive  tube 
can  be  carried  to  the  dilierent  parts  of  the  body  ?  Look  at 
the  fi-onts  of  your  wrists.  What  do  you  see  ?— Dark  Imes  or 
"veins."  What  is  mside  ?— Blood.  We  call  such  blood- 
vessels.   Where  else  have  you  got  blood-vessels  ?— Everywhere 


Fin.  15. 

in  the  body.  How  do  you  know  ? — Whenever  you  prick  your- 
self there  is  blood,  and  if  you  could  get  at  the  parts  inside  the 
body  wall  you  would  find  same  thing.  Now  we  wUl  make  a 
rough  plan  of  some  of  the  blood-vessels  in  your  right  arm. 

Here  I  have  a  flap  of  transparent  paper  cut  roughly  to  the 
shape  of  your  arm  to  represent  the  skin,  and  you  can  see  show- 
ing through  the  blood-vessels  next  under  the  skin. 

Now  we  lift  this  flap  and  come  to  the  rather  deeper  layer 
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(2).  What  will  il  liciiiadc  of  inyour  ;irm'^ — Muscle, and  runjiiiig 
iu  and  iinio)!,^  iJiis  iiuisclc  are  the  bluLsh-red  blood-veHsek 
Can  i  show  all  the  braiielies  ? — No,  because  some  will,  of  course, 
fto  back  dee])er  into  the  arm,  some  come  uj)  into  a  higher  layer!  ' 
I  can  only  show  some  of  those  which  run  along  my  slice.  Lift- 
ing- this  slice  you  see  this  slip  (3),  which  sliows  a  layer  just 
above  the  bone;  here  I  have  marked  nioi'e  blood-vessels,  but  this 
time  in  brighter  red,  for  if  you  cut  down  to  this  layer  you  would 
find  the  blood  scarlet  and  not  the  bluisli-red  coloui-  you  see  it 
in  the  vessels  near  the  surface.  Layer  4  shows  bones  them- 
selves. If  you  went  on  and  lifted  out  the  bone  3'ou  would 
find  more  vessels  with  scarlet  blood  furthei-  in,  and  vessels  with 


Fig.  46. 


bluish-red  blood  as  you  pass  out,  till  you  reach  the  skin  of  the 
outer  side  of  your  arm.  1  have  only  shown  a  few  of  the  main 
big  vessels,  every  one  has  many  branches,  each  branching  again 
into  smaller  and  smaller  branches  like  this.  Imagine  a  net- 
work of  the  finest  lace  with  all  its  threads,  made  of  hollow 
tubes ;  if  it  were  25  times  smaller,  those  you  could  see  woiUd 
be  like  these  finest  branches.  These  again  collect  up  into 
larger  branches. 

How  do  you  know  that  there  must  be  far  more  branches 
tlian  I  can  draw,  that,  iu  fact,  there  is  not  a  point  under  yom' 
skin  where  there  is  not  some  one  of  these  branches  ?  Prick 
yourself  anywhere  and  what  happens  ?  So  fine  branckes  are 
nearer  together  than  a  pin-point. 

Examine  rabbit's  leg  used  in  earlier  lesson  on  muscle. 
Note  again  the  large  blood-vessel  running  down  with  the  nerve 
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between  the  extensor  and  the  flexor  nuisckis.    Tliia  will  pass 

into  a  network  of  fine  branches  spreading  over  the  muscles 

lower  down  on  the  leg  and  foot. 

To  what  different  parts  will  these  blood-vessels  go  1 — 

To  the  brain  protoplasn\  with  which  you  thinlc. 

To  the  digestive  tube,  where  the  food  is  digested  and  made 

soluble. 

To  the  parts  (lungs)  with  which  you  breathe. 
To  the  nuiscles  with  which  you  move. 
What  will  pass  into  the  blood-stream  as  the  fine  branches  of 
the  vessels  spread  over  the  digestive  tube  ? 

As  in  this  figure,  where  D  is  part  of  the  long  coiled  tube 


Fig.  47. 


through  which  the  digested  food  passes  when  the  various 
ferments  have  acted  upon  it,  the  digested  food  dissolved  in 
the  watery  liquid  can  pass  through  the  digestive  tube  wall 
as  our  salt  and  sugar  passed  through  into  the  parchment,  and 
then,  also,  through  the  walls  of  these  fine  branches  of  the  blood- 
vessel (A). 

The  walls  of  the  blood-vessels  in  these  networks  are  exceed- 
ingly thin,  so  the  digested  food  easily  passes  through,  and  is 
then  carried  along  in  the  blood-stream  to  the  parts  of  the  body 
which  need  the  food,  when  it  passes  out  thi-ough  the  thin  walls 
of  the  fine  branches  there. 

Answer  in  writing  : 

How  does  the  food  when  once  it  has  been  digested  reach  the 
parts  of  the  body  which  need  it  ? 
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Tossihlc  iuisvvcr  ;it,  this  stage  would  !)(■  : 

"  Evei  vwlierc  in  tlic  ixKiy  tliere  arc  numbers  of  tubes  called 
blood-vessels  runninii,-  just  iinder  the  skin,  and  in  the  deeper 
inusele  layers,  and  over  the  bone,  and  to,  and  through  all  parts 
all  over  the  body  ;  these  vessels,  as,  for  instance,  wli(;i-e  they  run 
over  the  digestive  tube,  break  up  into  very,  very  line  tubes, 
each  25  times  s)naller  than  the  finest  lace  thread.  These  tubes 
have  very  thin  walls.  The  digested  food  dissol  ved  in  tlie  watery 
li(|uid  of  the  digestive  tube  passes  through  tlie  digestive  tube 
wall  and  through  the  thin  wall  of  the  fine  branch  of  the  blood- 
vessel. Once  inside,  the  food  material  is  carried  along  m  the 
blood-stream  to  all  parts  of  the  body,  and  when  it  reaches  a 
part  which  needs  that  food,  it  passes  through  the  thm  wall  «jt 
the  fine  branches  of  the  tube  there." 
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Aim. — To  study  the  heart  itself  as  the  starting-point  of  the  circulation. 

REQT'iEEiMENTS. — Diagram  (Fig.  52)  outline  of  man,  showing  main 
blood-vessels  in  relation  to  the  heart ;  arteries  red,  vems  blue.  Diagrams 
(49)  of  front  view,  (50)  of  back,  of  heart,  and  (51)  of  a  vertical  section 
showing  interior,  left  auricle,  and  ventricle.  2  or  3  sheeps'  hearts  with 
vessels  still  intact.  Crlass  tubes.  Fumiel.  Blue  coloured  liquid  (e.(/.  ink). 
2  pencils  pointed,  one  with  red  crayon  mside,  one  with  blue  or  blacli. 

Last  lesson  we  looked  especially  at  blood-vessels  in  tlie 
arm.  Here  is  a  pictui'e  in  whicli  you  are  supposed  to  be  able 
to  see  into  the  body  and  see  more  of  the  blood-vessels.  Looking 
at  the  arm  you  see  a  thickish  red-coloured  vessel,  that  breaks 
up  into  thin  tiny  tubes ;  these  connect  with  tiny  blue-coloured 
tubes,  and  these  join  up  into  a  large  blue  blood-vessel.  Where 
do  the  big  red  and  blue  vessels  begin  and  end  ? — At  this  pointed 
mass  in  the  centre  of  the  chest.  What  is  it  ? — The  heart. 
Does  any  one  know  what  the  heart  is  made  of  or  what  it  does  ? 

Here  is  a  sheep's  heart  cut  away  from  the  blood-vessels  and 
all  the  blood  emptied  out,  but  otherwise  exactly  as  it  was  in 
the  body.  What  is  all  this  red^  fleshy  part  ? — Muscle.  What 
is  the  white  part  ? — The  fat.  What  does  the  muscle  do  ? — 
Shortens  and  lengthens.  If  the  heart  muscles  shorten  what 
wiU  happen  ?  How  could  I  imitate  the  shortening  with  this 
heart  1 — Squeeze  its  sides  together.  What  happens  ? — The 
liquid  inside  flows  out.  Put  your  hand  over  your  own  heart. 
What  do  you  feel  ?— A  "  beat."  What  do  you  think  it  is  ? — 
The  wall  of  the  heart  moving  as  its  muscle  shortens,  and  out 
as  it  lengthens.  When  the  wall  pushes  inwards  what  happens 
to  the  blood  inside  ? — It  is  forced  out  into  blood-vessels.  On 
this  sheep's  heart  I  find  four  large  vessels  ;  wOl  blood  pour  out 
of  all  at  once  ? — If  it  did  you  would  get  tw^o  streams,  one 
running  along  the  blue-coloured  vessels  and  another  along  the 
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recl-colouvcd  vessc'ls.  Where  would  tlit'V  meet  ''. — Ju  tlie  small 
branches,  and  tlieii  they  miirht  stoj)  each  otiier  and  the  blood 
would  stand  still.    What  then  would  liappen  to  1  he  food  — ■ 


48. — Viilvcs  open  and  shut. 


It  would  not  get  carried  to  all  parts  of  tlie  Ijody.  So  for  this 
reason  it  doesn't  seem  lilcely  that  blood  flows  out  of  all  the 
vessels  at  the  heart  at  once.    Can  any  one  sug'.^est  some  way 


YiQ  49  —Front  view  of  heart  showins  the  front  groove,  auricles,  fat  ring, 
ventricles,  aorta,  and  pidmonary  artery. 

for  the  blood  to  flow  so  that  it  w^ould  always  move  and  go 
everywhere  ?  i  •• 

""if  it  flowed  out  from  some  tubes  and  in  by  the  others." 

I  want  you  all  to  come  in  fives  and  watch  whfle  I  pour  water 
into  two  of  these  tnbes  to  see  where  it  wUl  come  out.  ^^^len 
you  are  not  watching  I  want  you  to  copy  the  pictures  on  the 
board. 
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With  each  set  of  children  perform  following  cxpoi-imeuts. 
Take  an  intact  heart.  Point  out  four  large  vessels  (vena  cava, 
pi'ohablv  with  two  branches). 

Wlui  I  dilxerei^ce  is  there  between  these  vessels  ?  Two  are  very 
thick-walled,  white;  one  (with  two  branches)  very  thin,  y)inkish  ; 
one  medinra  thick.  Point  to  aorta  iii  big  diagram.  "  Thai  is 
this  middle,  thick-walled  vessel."  Noav  watch  while  I  pour 
blue-coloured  water  into  the  medium  thick  vessel.  Push  the 
filter-funnel  into  the  pulmonary  vein  and  a  faii'ly  wide  bore  glass 
tube  into  aorta,  let  one  child  hold  the  aorta  close  around  its 
glass  tube  and  another  the  p.v.  edges  tightly  pressed  against 
funnel's  sides.    Gently  poiu-  blue  liquid  down  funnel,  when  it 


PIO.  50.— Back  view  showing  vena  cava  and  pulmonary  vein  or  their 
openings  into  the  lieart. 

should  rise  up  the  tube  in  aorta.  Empty  out  heart,  reverse 
funnel  and  tube,  and  again  pour  down.  Liquid  rises  up  in 
funnel  and  can  hardly  be  forced  out  of  pulmonary  vein.  Now 
look  down  the  thick-walled  tube.  What  do  you  see  ? — Three 
flaps.  These  are  arranged  like  this.  Liquid  poured  into  tube 
only  presses  them  closer  together.  Rushing  out  pushes  them 
easily  apart. 

Blood  then  enters  heart  at  a  fairly  thin-walled  tube  towards 
back  of  heart ;  leaves  by  the  thick-walled  white  central  tube. 
We  have  two  other  tubes  left  to  try,  the  thin-walled  pinkish 
tube  at  back  (vena  cava)  and  the  thick-walled  tube  (lung 
artery)  next  the  other  thick-walled  tube.  One  of  you  arrange 
our  funnel  and  tube  to  show  at  which  one  the  blood  enters 
heart. 


Lh:SSONS  AND  EXPERIMENTS  sect. 

(FuiitH'l  in  veil,'),  (•ava,  <^!iisH  i-iil)!'  in  ijuliiionaiy  oi'  lung 
ai'tcry.)  The  lii|niil  j>oui'ed.  in  at  tliiii-waik-d  tube  comes  out 
again  at  thicl^-wallcd  t;ube.  ]_)ocs  any  come  out  by  either  of  tlie 
first  two  l>loofl-vesseis  wc  tried  ? — No.  Wliat  does  this  suggest  i 
— Must  be  at  least  two  rooms  in  heart  with  wails  between. 

(Now  show  them  two  hearts,  which  can  Ijc  already  prepared 
as  dcscril:)ed  in  following.)  We  will  now  jjush  these  two  pencils 
into  the  vessels  fi'om  which  water  came  out,  i.e.  the  big  main 
artery,  red  pencil,  and  the  smaller  artery,  blue  pencil,  and  these 


FiQ,  51. — Showing  four  "rooms"  of  the  heart  and  the  vessels  entering 
and  leaving  each. 

A.  Aorta.  L-  Lung  or  pulmonary  artery. 

V.  Vena  cava,  blood  brought  from      LV.  One  of  lung  veins  brings  blood  back- 
all  over  body.  from  lung. 

two  glass  rods  into  the  vessels  by  which  we  poured  water  into 
the  heart.  Now  I  wUI  make  a  cut  into  the  heart  wall  and  show 
you  where  those  tubes  have  gone.  Obviously  if  there  were 
only  one  room  "  in  heart  the  water  pom'ed  into  one  vessel 
should  run  out  of  any  of  the  other  three  equally  easily.  _  The 
class  ought  to  be  able  to  foretell  at  least  two  spaces  with  a 
wall  between.  To  make  the  cut  (see  Figs.  49  and  50),  place 
heart  with  back  side  downwards,  i.e.  with  side  which  faces  to 
front  of  body  (when  in  body)  upwards.  When  in  this  position 
a  groove  of  fat  is  visible  starting  from  the  middle  of  ring  of  fat 
round  thicker  part  of  heart  and  running  centrally  down  heart 
for  a  little  way,  then  bending  to  right  side  of  heart  so  that  it 
misses  the  pointed  end. 
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N.B. — Wall  of  Mt  venti'iclc  is  inucli  firiuei'  and  more 
luuscvUar  than  that  of  right,  for  it  has  to  pump  blood  all  over 
botly,  while  right  only  sends  to  lungs  and  back  again  to  lieart. 
With  a  very  sharp  penknife  cut  down  the  groove  as  from  A  to  C, 
and  again 'from  B  to  D  (Fig.  49).  Turn  back  the  flap  ACDB 
on  to  the  right  ventricle.  This  will  give  an  opening  into  the 
left  ventricle  and  should  show  (1)  the  wooden  I'cd  pencil  from 
the  aorta  protruding  uito  it  ;  (2)  (by  gently  pushing  the  glass 
tube  placed  m  pulmonary  vein  this  can  be  pushed  through 
floor  of  auricle  into  left  ventricle,  and)  the  two  rooms,  small 
above  (auricle)  and  large  below  (ventricle),  shown.  (3)  Thin 
flaps  between  upper  and  lower  rooms  of  heart.  (4)  The  wall 
between  the  two  sides  of  the  heart,  in  position  marked  by  groove 
and  cut. 

In  a  second  heart  make  another  cut  down  EF  and  AC, 
lapng  open  right  lower  room  (ventricle).  Make  children,  see — 
(1)  Glass  probe  from  wide  thin  vessel  (vena  cava)  into  which 
water  was  poured.  (2)  Wooden  blue  pencil  from  thick-walled 
vessel  (pidmonary  artery)  from  which  water  came  out.  (3) 
Thin  lower  room  wall  compared  with  wall  of  left  room.  (4) 
Wall  of  partition  between  right  and  left  sides  of  heart  as  before. 
(5)  The  thin  flaps  (with  their  muscles  attaching  them  to  wall 
of  ventricle)  which  form  wall  between  upper  and  lower  rooms 
of  heart.  As  you  have  the  two  hearts  with  one  side  uninjured 
in  each  case,  water  can  be  poured  into  vena  cava  of  first  and 
will  come  out  at  pulmonary  artery,  and  into  pulmonary  vein 
in  second  case  and  will  come  out  at  aorta  ;  shows  again  no  direct 
communication  between  right  and  left  sides  of  heart. 
At  end  of  lesson,  when  children  all  back  in  seats — 
Where  does  the  blood-stream  start  ? — -At  the  heart.  Why 
does  it  move  out  of  the  heart  ? — Because  the  muscles  of  the 
walls  shorten,  and  they  press  in  on  the  blood,  squeezing  it  out 
into  the  vessels  with  thick  walls.  Where  does  the  blood-stream 
end  ?— Again  at  heart,  brought  back  by  thin-walled  blood- 
vessels. 


SECTION  XXXIV 


Aim. — To  revise  Section  XXXlll.  by  naming  parts  of  drawings  made 
therein,  to  connect  up  the  heart  with  the  capillaries,  and  to  craphasiso 
the  change  whicli  occurs  m  blood  in  the  capillaries. 

Requirements. — Diagrams  as  in  Section  XXXlll.  on  board.  Red- 
and  blue-coloured  chalks  for  each  child  and  for  board  drawing. 

From  what  you  saw  last  time  why  would  you  say  the  heart 
is  a  very  important  part  of  the  body  ? — It  acts  as  a  pump, 
pumping  blood  all  over  the  body. 

Now  I  want  you  to  turn  to  the  diagrams  you  drew  last  time, 
and  we  will  put  names  and  explain  what  each  is  meant  for. 

Look  at  Fig.  49,  "  Front  view  of  heart."  What  shall  we 
call  all  the  part  that  was  red  and  fleshy  ? — "  Muscle  wall  of 
heart."    What  shall  we  call  all  white  part  ? — "  Fat." 

And  the  middle  line  which  bends  to  right  side  of  the  point  of 
the  heart  ? — "  The  groove."  What  is  under  the  groove  ? — 
"  The  wall  between  the  two  sides  of  the  heart." 

What  is  on  the  left  side  of  that  wall  inside  the  heart  ? — 
Two  rooms.  Which  is  the  bigger  ? — The  bottom  one.  Can 
you  tell  me  anything  about  its  wall  ? — It  is  the  thickest  wall 
in  the  heart,  double  as  thick  as  walls  of  other  rooms.  What  is 
this  reddish  mass  with  crinkled  edges  at  the  top  left  side  of 
heart  ? — "  Part  of  the  top  small  left  room  (left  auricle  append- 
age), and  the  part  immediately  below  it  is  the  fat  rmg."  The 
wall  of  the  bottom  large  left  room  (left  ventricle).  And  this 
thick-walled  tube  or  blood-vessel  arising  above  or  just  in  fat 
ring  to  right  of  top  left  room  ? — A  blood-vessel  from  which 
blood  comes  out  of  the  heart.  We  call  the  vessels  by  which 
blood  comes  out  of  the  heart  arteries,  so  label  it  "artery." 
Does  any  one  remember  which  side  of  the  heart  it  came  Irom  ? 
(Push  a  probe  into  the  pulmonary  artery  and  show  the  children 
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you  can  feel  its  end  in  right  ventricle.)  You  see  I  can  feel  the 
end  of  this  pencil  in  the  bottom  large  right  room.  So  label  the 
blood-vessel  "  artery  from  right  bottom  room."  To  the  right 
of  this  artery  is  another  similar  but  larger  white  blood-vessel. 
What  shall  we  call  it  ? — "  Larger  artery."  Which  side  of  the 
heart  will  it  bring  blood  from  ? — Left  side.  (Again  push  in 
probe  into  aorta.)  Why  do  I  find  it  diflicult  to  push  a  pencil 
into  these  two  arteries  ? — Because  they  have  flaps  to  prevent 
blood  running  back  once  it  has  been  pushed  out  of  the  heart. 
Well,  the  pencil  is  through  the  flaps  now,  and  I  feel  its  point 
here.  Which  room  is  it  in  ? — Bottom  left  room.  What  sort 
of  walls  has  that  room  ? — Very  thick.  What  then  shall  we 
label  this  artery  ? — (Aorta  )  "  Large  artery,  brings  blood 
fi-om  thick-walled  left  lower  room." 

Now  turn  to  the  third  diagram  you  drew  (Fig.  51).  What 
do  you  think  it  shows  ? — A  plan  or  map  of  the  four  rooms  of 
the  heart ;  might  represent  a  very  thin  sUce  cut  out  of  middle 
of  heart. 

In  your  thii-d  diagram  thicken  the  wall  of  the  lower  left 
room  and  the  walls  of  the  two  arteries  we  have  just  named  in 
Fig.  51,  and  put  in  arrows  to  show  which  way  blood  runs  in 
them. 

Turn  to  your  second  diagram  (Fig.  50).  Bach  view  of  heart, 
i.e.  side  which  in  body  is  turned  towards  backbone.  Where  does 
this  broad,  very  thin-walled  tube  (vena  cava),  rising  centrally 
and  behind  the  two  arteries,  lead  into  ?  (Push  in  pencil  as 
before.)  I  feel  the  pencil  first  in  this  small  right  hand  top  room, 
and  then,  if  I  probe  around,  it  goes  into  the  bottom  right-hand 
room. 

This  is  a  thin-walled  tube.  Did  water  come  out  of  it  easily  ? 
—No ;  when  we  tried  to  pour  water  m  at  the  small  artery  it 
sirnply  ran  up  in  our  glass  funnel  and  refused  to  come  out  at  the 
thin-walled  tube.  What  happened  when  we  poured  water 
mto  the  wide  thha-walled  tube  ?— It  gushed  out  of  the  artery. 
The  thin-walled  tubes  take  blood  into  the  heart,  and  we  call 
them  veins.  Which  is  the  other  vein  ? — The  tube  or  blood- 
vessel at  the  back  just  along  the  left  top  room  into  which  it 
opens. 

{N .B. — There  are  two  lung  veins  in  sheep's  heart  arising  near 
each  other,  and  four  in  man.) 

Names  for  Fig.  51,  then.    "  Large  vein."    "  Small  vein." 

K 


mo         t;i^ssons  and  expf.riivii^ntk 


Tlicii  ill  Vv^.  51  of  you  |)ui  ill  tii  rovvs  to  sliow  wliicli  way  tlie 
blood  runs  iJirouiuli  tlit'sc  veins. 


no.  52. 

So  the  blood  leaves  and  enters  the  heart  twice  ;  once  on 
each  of  its  sides.    Where  does  it  go  in  between  ? — To  all  parts 
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of  body.  Also  you  would  see  this  if  you  could  see  tlie  blood 
leaving  the  big  artery  ;  it  would  be  bright  red  there,  and  bluish - 
rod  when  it  entered  the  big  tliiii-wulled  vein.  So  now  in  Fig.  51 
colour  the  two  left-hand  rooms,  the  lung  artery,  and  the  small 
vein,  scarlet ;  and  as  we  haven't  a  good  bluish-red  chalk,  we 
will  colour  the  two  right-hand  rooms,  the  big  vein,  and  the  small 
artery,  blue.  Where  has  the  blood  been  to  get  its  colour 
changed  is  the  next  question  we  must  ask. 

1  will  draw  a  rough  chalk  diagram  on  the  board,  colouring 
red  those  vessels  which  contain  the  scarlet  blood,  and  then  I 
will  begin  to  use  blue  where  it  changes  colour.  You  must  all 
watch,  and  tlie  minute  I  begin  with  the  blue  say  "  blue  " 
altogether. 

(Draw  a  heart  as  in  diagram,  colouring  the  left  ventricle, 
auricle,  hmg  vein,  and  aorta  scarlet.  Make  aorta  branch, 
red  lines  running  out  to  represent  the  two  principal  arteries  in 
arms  ;  just  above  these,  chalk  in  two  arteries  in  neck,  and 
continue  till  some  such  figure  as  Fig.  52  is  outlmed  in  red  on 
board  ;  but  at  this  stage  some  of  blue  must  be  put  in.  When 
putting  in  the  arm  artery,  say,  "  Where  is  this  artery  taking 
blood  to  ?  "  and  so  on  for  leg  and  neck.  All  these  arteries  branch 
again  and  again,  and  finally  rim  into  a  network  of  very  fine 
branches  such  as  we  saw  in  our  paper  model  of  the  arm.  How 
fine  were  those  .branches  ? — Twenty-five  times  smaller  than  the 
fmest  thread  you  could  just  see  (Section  XXXII.).  Here,  on 
the  right  arm,  I  have  drawn  one  such  branch  breaking  up  into 
tiny  branches  ;  only,  for  you  to  see,  I  have  made  the  branches 
1000  times  too  large. 

(Now  pick  up  blue  chalk  and  start  the  small  veins  from  the 
capillaries.  Children,  if  awake,  should  shout  "  blue.")  Yes, 
liere  is  one  place  at  which  the  blood  changes  its  colour  and 
becomes  dingy  red  or  bluish-red,  among  the  muscles  of  the 
right  arm.  Where  else  will  it  change,  do  you  think  ?— Muscles 
of  left  arm,  in  legs,  and  also  where  it  runs  into  the  fine  branches 
over  the  digestive  tube,  and  in  the  bram,  and  in  all  parts  of  the 
body  where  the  arteries  branch  into  the  fine  tubes  the  scarlet 
colom-  goes.  Could  it  be  because  the  blood  takes  up  food 
there  ?— Hardly,  for  it  changes  colour  just  as  much  in  the 
muscles,  bones,  etc.,  where  it  is  giving  up  food  material  as  m  the 
digestive  tube  where  it  is  taking  in  food.  The  blood,  then, 
changes  colour  and  passes  into  these  tubes,  which  are  branches 
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of  wider  tubes,  and  finally  runs  into  tubes,  one  of  which  runs 
alono-  and  over  each  artery  ;  and  when  we  follow  it  back  we  find 
it  runs  into  the  heart  again  throu.<,di  the  wide,  very  thin-walled 
blood-vessel  (vena  cava).    So  I  will  chalk  in  blue  tubes  side 
by  side  with  the  red,  all  ioining  the  red  arteries  in  very  fine 
branches  in  the  different  limbs,  and  as  they  spread  over 
dic^estive  tube  and  all  fmally  coming  back  through  the  thin- 
walled  vein  to  the  top  right  room  of  the  heart.    Where  will 
blood  «^o  from  this  top  room  ?— Into  the  right  lower  room. 
The  muscle  of  wall  of  that  room  shortens  and  will  push  blood 
out.    Will  it  go  back  into  the  vein  ?— No,  because  of  the  flaps 
we  saw  across  opening,  wliich  are  pulled  closer  together  by 
shortening  of  muscle.    Which  way  will  blood  go  ?— By  small 
oTtery     What  colour  is  the  blood  in  this  side  of  heart  ?— It^ 
din'^y  bluish-red,  etc.,  has  been  changed  in  body.    The  blood 
aces  out  of  the  heart,  and  comes  back  again  changed  to  scarlet 
a<Tain     Which  is  the  only  vessel  we  have  left  for  it  to  come 
blck  by      Vein  leading  into  top  left  room.    It  comes  back 
by  that  vein.    Next  time  we  will  talk  about  where  it  goes  to 
change  back  to  scarlet  colour. 


SECTION  XXXIV  (A) 


(May  be  omitted  if  points  already  well  grasped.) 

Aim. — Revision  lesson  of  parts  of  heart  and  the  blood-vessels  leading 
to  and  from  it.  New  part — to  discover  that  the  luncjs  are  the  part  in 
wliich  the  blood  becomes  scarlet  again. 

REQurREMBNTS.  — Match-boxes  brought  by  each  cliild.  Red  and 
blue  wool.  Labels.  Let  four  girls  give  round  to  each  child  3  pieces 
of  blue  and  3  of  red  wool,  and  3  labels.    (Fig.  65.) 

Last  time  we  were  discussing  the  heart,  and  you  were  all 
to  bring  a  match-box  showing  how  many  separate  rooms  that 
heart  showed,  and  what  openings  into  those  rooms  there  were. 
Now  each  of  you  put  in  red  and  blue  wool  in  the  holes  to  which 
you  think  they  belong.  Here  is  my  match-box  (see  end  for 
diagram),  and  I  have  made  holes  and  put  wool  inside  to  repre- 
sent the  blood-vessels.  I  have  made  four  rooms  in  mine.  My 
two  top  ones  are  smaller  than  the  two  bottom.  Have  you  all 
got  the  same  ?  Then  I  have  a  hole  here  in  the  floor  of  each  of 
the  small  rooms,  so  any  blood  in  the  top  rooms  can  pass  through 
into  the  ones  below.  Now  hold  your  box  heart  against  your 
own  heart  with  the  open  side  towards  me.  Put  your  finger 
over  the  left  large  bottom  room.  Close  to  the  middle  wall, 
high  up,  I  have  a  hole,  and  through  it  passes  a  blood-vessel 
which  takes  scarlet  blood  away  from  the  heart,  so  we  will  put  a 
piece  of  red  wool  hanging  out  of  that  hole. 

Again,  put  the  box  heart  over  yours,  and  your  finger  on  top 
of  the  right  small  upper  room  here  {i.e.  at  B).  Here  I  have 
a  hole,  and  another  just  below  in  the  outer  side  wall  of  the  top 
small  room  (at  C).  Put  a  piece  of  blue  wool  through  each 
of  these,  because  these  are  the  big  vessels  which  bring  bluish- 
red  blood  back  to  the  heart.  It  is  the  same  blood  that  left  by 
this  red  vessel  we  put  in,  so  what  must  have  happened  some- 
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where? — Tlie  red.  :iiul  t-lie  lilue  vessels  joined;  but  they  (Jo 
soinethiiifj,'  else  before  tliey  join.  Wiiat  '{  Do  they  go  on  as 
single  tubes  ? — No,  they  break  up  into  brandies,  and  these 
into  smaller  and  smaller  branches,  just  as  1  showed  you  in  the 
])a]Hn'  arm  model ;  and  then  the  (inest  bran(;hes  of  the  set  coming 
i'rom  the  heart  run  into  the  finest  branches  of  those  going  back 
to  the  heart  like  this. 

So  then  it  is  one  big  S3'stem  of  tubes  with  no  break. 

(There  are  really  two  breaks,  at  tlie  neck  and  hi  the  spleen, 
but  this  is  imiiecessary  for  the  children.) 

The  branches  when  they  join  are  far  too  tiny  to  see,  finer 
than  tlie  finest  hau-  you  can  imagine,  but  the  blood  can  pass 
along  them  all  right. 

Where  do  you  find  these  networks  of  fijie  branches  ? — 


Fig.  53. 


Spread  over  nearly  all  the  organs,  over  the  digestive  tube,  arms, 
legs,  brain,  everywhere.  These  fine  branches  have  very  thin 
walls.  Why  ?— So  that  the  food  in  the  blood  can  pass  tlu'ough 
to  the  protoplasm  and  nourish  the  arm,  or  leg,  or  brain  cell. 
So  now  we  must  do  something  further  to  our  heart  box  model. 
What  ?— Frazzle  out  the  wool  threads  to  represent  branches, 
and  bring  the  finest  ends  of  both  together.  We  can't  connect 
them  as  the  blood-vessels  connect,  because  we  can't  manage 
to  jobi  the  wool  ends  together;  we  can  only  lay  them  on  one 
another,  and  we  wUl  stick  them  together  with  labels,  and  write 
on  one  label  "  leg  muscle,"  and  another  "  digestive  tube,  '  etc. 
What  do  we  call  blood-vessels  going  from  the  heart  ?— 4  )-?erzes  ; 
and  blood-vessels  going  to  it  we  call— what  %— Veins.  Show 
me  the  artery  on  your  model,  and  two  veins.  Where  will  one 
branch  of  the  artery  go  ?— To  the  digestive  tube.  What  does 
it  do  there  ?— Breaks  up  into  finer  and  finer  branches.  U  hat 
do  these  run  into  ?— Fine  branches  of  a  vein,  which  finally  run 
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into  the  hi-  vein  wiiich  socs  back  to  the  heart.  Where  will 
another  branch  go  ?— To  the  arni.  What  will  happen  It 
will  break  up  into  finer  and  finer  branches  m  the  deeper  muscle 
of  the  arm.  What  happens  to  the  finer  branches  ?— They  run 
into  the  finest  branches  of  a  vein,  and  so  back  to  the  heart. 

(Similar  descuiptions  of  circulatory  systems  to  brain  and 
legs  can  then  be  extracted.) 

"  But  we  have  not  yet  seen  lipw 
the  blood  leaving  at  A  and  coming 
back  at  C  and  B  gets  back  to  A 
again.  We  start  from  right,  upper 
chamber.  What  has  it  in  its  floor  1 
— An  opening.  So  blood  passes 
down  into  the  large  right  lower 
chamber,  and  there  is  another 
opening  (at  D).  This  takes  blood 
out  of  heart,  so  what  is  it  ? — An 
artery.  I  am  going  to  put  blue  wool 
leading  from  it,  for  blood  leaving 
here  is  bluish-red  still.  What  will 
you  expect  this  artery  to  do  ? — 
Break  up  into  fine  branches  over 
some  part  of  the  body.  What  will 
these  fine  branches  run  into  ? — Fine 
branches  of  a  vein.  Which  part  of 
the  body  is  this  ?  We  have  dealt 
with  the  parts  concerned  with  feed- 
ing and  digesting,  and  with  the 
moving  parts  and  thinldng  parts. 
What  else  do  we  do  besides  feeding,  1''ig.  si- 

moving,  thinldng?  —  We  breathe. 

Do  you  know  with  which  part  of  your  body  you  breathe  ? — It 
is  called  the  lungs.  These  are  two  masses  of  cells,  one  on  each 
side  of  the  middle  line  of  your  chest,  by  means  of  which  you 
breathe  ;  and  it  is  to  these  two  lungs  that  branches  from  this 
artery  (from  D)  go.  The  fine  tubes  nm  over  the  lungs,  and 
meet  and  join  the  branches  from  a  vein.  Now  where  do  you 
think  the  main  branch  of  this  vein  goes  ? — Back  to  the  heart. 
And  to  which  room  ?— Top  left-hand  one  (at  E).  So  we  must 
put  in  wool  here.  I  want  the  wool  to  be  red  this  time, 
because  this  vein  brings  back  scarlet  blood. 
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Draw  diagram  put  up  (51),  and  colour  to  sliow  wliat  we 
liavo  just  learnt. 

WrUe  this  seMence : 

"  The  blood  starts  out  by  an  artery  from  the  bottom  left- 
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hand  room,  and  is  scarlet  in  colour ;  becomes  bluish-red  in  the 
networks  of  the  stomach,  head,  arms,  legs ;  comes  back  by  a 
vein  to  the  top  right-hand  room  still  bluish-red  ;  runs  into  the 
bottom  right-hand  room ;  passes  out,  still  bluish-red,  to  the  net- 
work over  the  lung  ;  becomes  red  there  ;  and  comes  back  by  a 
big  vein  to  the  top  left-hand  room,  and  so  into  the  bottom 
left-hand  room,  from  which  it  started." 

Remember,  blood  becomes  bluish-red  in  all  parts  of  the 
body  except  the  lungs. 


SECTION  XXXV 


Aim. — By  study  of  lung  construction  to  discover  that  blood  here 
meets  air,  and  connect  this  with  colour  changes  in  the  blood. 

Requirements. — Sheep's  lungs  with  wmdpipo  attached.  Bellows. 
Silk  thi-oad. 

Tell  me  something  we  do  with  the  bed}',,  and  what  is  chiefly 
used  in  doing  it  ? — We  move  (muscle),  think  (brain),  talk 
(muscle),  digest  food  (digestive  tube),  etc.  There  is  one  thing 
we  do  all  the  time,  waking  or  sleeping,  and  never  think  about  it. 
What  is  that  ? — Breathe.  What  do  we  breathe  with  ? — Lungs. 
Have  you  ever  seen  a  sheep's  lungs  ?  They  are  very  like  those 
of  a  man. 

Here  are  such  a  pair  of  limgs,  and  here  is  a  long  tube  leading- 
down  to  them,  branching  into  two,  one  branch  going  to  each 
big  mass.  What  do  you  think  this  long  tube  is  for  ? — To  take 
ail-  from  the  mouth  to  the  lungs.  What  is  it  called  ? — The 
windpipe.  Cut  off  a  small  piece  and  throw  on  water.  It 
floats.  Why  ? — It  is  full  of  air — the  air  we  blew  into  the 
lung.  Does  this  pinkish  mass  look  as  if  it  were  full  of  air  ? — 
No,  it  looks  just  a  solid  mass.  What  happens  to  the  large 
branches  of  the  windpipe  when  they  run  into  the  mass.  (Cut 
out  a  bit  of  lung  near  base  of  the  large  branch  (bronchus) 
showing  nimierous  branches,  and  pass  roimd.)  The  big  branch 
branches,  and  these,  again,  branch  again  and  again,  and  it  is  of 
these  branches  that  the  mass  of  the  lung  is  made  up.  So  if 
I  draw  the  branches  of  one  branch  it  would  be  like  B,  and 
this  mingling  with  other  branches  makes  the  mass  of  the  lung. 
Are  these  branching  air -tubes  like  the  blood-vessels? — 
Branches  don't  run  into  each  other,  and  don't  run  into  another 
set  of  tubes.  Instead,  the  end  of  each  tube  is  swoUen.  What 
happens  when  the  air  is  drawn  in  down  windpipe,  do  you  think  ? 
— Swells  out  these  ends  still  more,  and  it  is  because  of  the  air 

137 


138 


LESSONS  AND  EXPERIMENTS 


.SICCT. 


WiniJpipc 


FIO.  56. 


liL'kl  ill  all  I  lie  i)i'ain-liin;^  bulj(_'s  and  their  swollen  i-iui.s  iJiat  llie 
king  llouUs.    Tlicj-c  arc  so  many  lji'ancli(!;->  iliui  il'  tlie  tiiljes  and 

l.licir  ends  could  all  he  sjiread 
out  Hat  it  would  cover  a  sur- 
face of  2G00  s(|uai'e  feet.  (Com- 
pare some  area  known  to  the 
children.) 

Why  is  tlie  lung  pinkish  in 
colour  ? — Because  of  the  blood 
there.  How  is  blood  brought  ? 
— By  an  artery  which  branches 
just  as  the  others  branch.  Can 
you  see  any  other  tubes  besides 
the  air-tubes  in  the  bit  of  lung 
given  you  'i  —  Whitish  thick- 
walled  tubes.  What  arc  they 
like  ? — The  arteries  we  saw  on  the  heart.  They  are  the 
branches  of  the  small  artery  we  saw  coming  fi-om  heart. 
What  will  those  branches  end 
in  ? — Thousands  of  thin-walled 
tubes  spreading  all  over  the  big 
surface  of  lung  branch.  Why 
then  do  lungs  look  pink  ? — - 
Because  we  can  see  the  blood 
through  thin  walls  of  blood- 
vessels as  spread  over  air -tubes. 
What  happens  to  those  thin- 
walled  tubes  ? — They  ioin  with 
other  thin-walled  vessels.  Can 
you  see  any  veins  in  yom  bit  ? 
— Yes,  there  are  tubes  with 
thinner  bluish -pink  soft  walls, 
and  these  are  the  veins.  Where 
will  they  go  ? — Into  the  big  vein 
which  runs  back  into  the  top 
left  room  of  the  heart.  You 
have  got  a  piece  of  red  wool, 
and  a  piece  of  blue  wool, 
and  a  bit  of  lung.  Draw  in  your 
rooms,  and  put  the  pieces  of  red 
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from  heart  to  lungs  and  baric,  anil  what  happens  to  its 
colour. 

So  the  blood  in  passing  over  the  great  big  snrface  ol  the 
very  thin-walled  air-tubes  has  its  colour  changed  from  purplish 
or  bluish-]'ed  to  scarlet.  What  can  have  passed  into  blood 
here  that  doesn't  pass  into  it,  say^  in  the  muscle  of  an  arm  ? — 
There  are  no  air-tuhes  in  the  arm,  or  digestive  tube,  or  brain ; 
only  in  lungs  is  there  air ;  only  in  lungs  does  colour  change. 
Does  the  air  pass  into  the  blood  and  change  it  ?  What  is  air  ? 
— Two  gases,  chiefly.  Oxygen  and  nitrogen  ;  and  protoplasm 
cannot  iise  nitrogen  in  the  lazy  state  it  is  in  in  air. 

Are  they  much  alike  ? — No.  Oxygen  joins  up  pretty 
readily  with  other  bodies.  Nitrogen  is  "  lazy  "  and  won't 
join  up. 

Which,  then,  is  most  likely  to  have  changed  the  colour  of 
blood  by  jomiug  with  it  ? — Oxygen. 

How  could  we  try  ? — If  we  coidd  get  some  pure  oxygen 
without  any  nitrogen  mixed  up  with  it  and  t  hake  it  up  with 
some  purplish  blood  from  a  vein.  Next  lesson  I  will  try  and 
have  those  two  things  here,  and  you  shall  try. 

Now  answer  cpiestiou  : 

"  Why  do  you  think  that  blood  may  join  with  oxygen  in 
lungs  ?  " 


SECTION  XXXVl 

Requirements. — (1)  Get  your  butcher  to  collect  blood  from  a 
fveshly-kiilecl  animal  in  a  jar  ;  (2)  prepare  two  jarH  of  oxygen  ;  (3) 
prepare  two  jars  of  carbon  dioxide  gas  (by  burning  candle  in  jar  tUl  goes 
out),  one  containing  pieces  of  blood  clot  left  in  it  for  some  hours. 

Prejmralion  of  Oxygen. — Grind  up  together  equal  quantities  of  man- 
ganese dioxide  and  potassium  chlorate ;  place  in  a  hard  glass  test-tube. 


fitted  with  a  one-hole  cork  through  which  passes  a  glass  delivery- tube 
T,  the  end  of  which  dips  under  water,  and  into  a  glass  jar  full  of  water, 
which  was  previously  hiverted  mto  a  dish  of  water,  D.  On  heating  the 
mixture  m  test-tube  the  oxygen  present  m  the  chlorate  will  be  given 
off  and  pass  into  W,  forcing"  out  the  water.  Allow  the  first  gas  clriven 
out  of  T  to  escape,  as  it  will  be  the  air  previously  contained  in  test-tube. 
When  W  is  full  of  oxygen  slip  a  glass  plate  under  its  mouth  and  remove. 
Leave  covered  till  rcquu-ed.  It  is  better  to  grease  the  mouth  of  W  at 
beginning  of  experiment  with  a  Uttle  vaseline,  as  glass  plate  then  sticks, 
and  cscai5e  of  oxygen  is  prevented. 

Aim. — To  show  that  the  change  from  purplish  to  scarlet  blood  is  due 
to  blood  joinmg  with  0X3'gen  of  air,  and  to  explain  reverse  colour  change 
in  tissues  generally. 

What  are  we  going  to  try  to  discover  to-day  about  blood  ? 
—Whether  blood  gets  a  brighter  red  if  we  put  it  in  oxygen. 
Here  I  have  a  jar  into  which  the  butcher  poured  some  blood 
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for  me.  What  has  happened  to  the  blood  ?  (Pour  oft  the 
yellowish  serum  and  show  the  children  tlic  dark  red  clot  left 
in  the  jar.)  Part  of  it  has  gone  solid,  and  I  can  pour  off  this 
yellowish-red  liquid  leaving  a  solid  red  dot  in  the  centre. 
Blood  always  clots  like  this  when  it  is  shed.  What  good  will 
that  be  to  the  body  ? — If  the  body  is  wounded,  the  clot  that 
forms  on  its  surface  forms  a  pluT  to  the  vessels  from  wliich  the 
blood  is  running,  and  after  a  time  no  more  blood  can  run  out. 
So  when  once  a  wound  is  washed  clean  and  bound  up,  it  is  best 
to  leave  it  alone  to  begin  to  heal.  If  it  is  disturbed  too  soon, 
the  clots  formed  get  pulled  away,  and  the  blood  begins  to  run 
again.  Nearly  all  the  colour  is  in  the  clot,  so  we  will  use  that. 
Here  in  this  jar  I  have  two  pieces  of  a  clot  which  I  cut  off  the 
big  clot,  and  put  here  in  a  jar  of  carbon  dioxide  gas.  Why 
didn't  I  leave  it  in  open  air  ? — Oxygen  in  aii-  might  have 
already  joined  with  it.  Here  I  have  a  jar  of  pure  oxygen.  I 
take  out  one  of  the  pieces  of  clot  from  the  carbon  dioxide  gas 
jar,  and  drop  it  into  the  oxygen  jar,  and  gently  roll  it  about. 
After  a  few  minutes  pass  the  two  jars  round.  The  clot  in  the 
oxygen  is  much  bj'ighter  red  than  that  in  the  carbon  dioxide 
gas.  Cut  away  a  piece  of  the  large  clot  standing  open  to  air. 
What  difference  is  there  between  colour  of  inside  and  outside 
of  clot  ? — Inside  is  much  less  bright  red  than  outside.  Why  ? 
— Oxygen  of  air  can  get  at  the  outside.  Now  write  a  sentence 
to  explain  why  the  blood  in  lungs  changes  its  colour  from 
pm'plish  to  scarlet. 

"  Oxygen  breathed  into  the  thin-walled  tubes  of  lungs  passes 
through  those  and  into  the  thin  walls  of  the  tiniest  branch  of 
the  lung  artery;  joins  with  blood,  and  blood  then  becomes 
scarlet." 

What  then  happens  to  the  blood  carrying  the  oxygen  ? — Goes 
out  of  the  lungs  in  the  fine  branches  of  the  veiii,  and  these 
branches  all  collect  up  into  big  veins.  Where  do  they  go  ? — 
To  the  heart,  the  top  left  room.  And  where  next  ? — Down 
into  large  bottom  left  room,  and  out  by  the  big  artery,  still 
scarlet  in  colour,  and  away  to  the  stomach  and  other  parts  of 
digestive  tube,  to  the  arms,  to  the  legs,  to  the  brain. 

Do  these  parts  of  your  body  want  oxygen  ?  Suppose  you 
want  to  move  an  arm.  What  must  you  have  ? — Energy. 
Suppose  it  is  cold,  wOl  the  protoplasm  of  cells  in  a  finger  go  on 
workmg  if  they  have  no  heat  energy  ?    Remember  the  "yeast 
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Where  does  the  euer-^y  come  fT'om  ?— Oxidation  of  food. 
What,  lirmo-s  the  food  to  the  cell  pvotophisin  of  tiie  lum,  leg, 
etc.      The  blood.    What  else  is  wanted  for  oxidation  besides 


piirphsli  red  ?— In  the  arm,  or  leg,  or  bi-aiu,  or  digestive  tube 
which  is  growing  or  working.  And  what  will  be  formed  in  tliose 
parts  of  the  body  where  food  is  being  oxidised  ?— Carbon 
dioxide  gas  and  water.  Do  you  think  they  will  stop  in  the 
cells  where  they  are  made  No,  they  are  mostly  waste,  and 
must  be  got  rid  of,  the  water  passing  through  special  passages, 
partly  from  the  skin  as  perspiration,  and  ])artly  through  the 
lungs  and  windpipe  when  you  breathe  out.  How  do  you  cet 
rid  of  the  carbon  dioxide  gas  ?  How  did  you  discover  that 
foods  were  oxidised  in  the  body  ?— By  breathing  into  lime- 
water  (like  this),  and  seeing  that  you  breathe  out  carbon  dio.xide 
gaS,  for  your  breath  turns  lime-water  milky.  Where  has  that 
breath  come  from  ? — Up  the  windpipe  from  the  Imigs.  So 
that  is  where  the  carbon  dioxide  gas  has  come  fi-om.  How  did 
it  get  there  from  the  arms,  or  leg,  or  brain  where  it  was  made  ? 
You  can't  do  an  experiment  which  shows  this,  so  I  must  tell 
you.  The  carbon  dioxide  gas  is  carried  to  the  hmgs  by  the 
blood.  When  the  blood  gives  up  oxygen  it  has  the  power  to 
collect  the  waste  carbon  dioxide  gas  and  carry  it  away.  If 
it  were  not  carried  away  the  protoplasm  would  be  poisoned 
by  it,  as  it  is  by  alcohol,  and  could  not  do  its  work  of  building 
up  anew  bone  and  muscle,  or  of  oxidising  the  food,  and  so 
providing  the  energy  for  growth  and  movement.  If  proto- 
plasm couldn't  do  this  what  would  happen  ? — It  would  die, 
i.e.  your  body  would  die.  Equally,  of  course,  the  protoplasm 
would  die  if  it  had  no  oxygen  or  no  food.  Write  down  the 
three  things  which  blood-stream  does,  without  any  one  of  which 
body  would  die. 

It  carries  oxygen  to  protoplasm  of  every  part  of  body  ;  it 
carries  food  to  every  part  of  body  ;  it  carries  carbon  dioxide 
gas  from  every  part  of  body. 
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Aim. — To  show  that  the  various  functious  of  tlie  blood  are  carried 
out  by  different  constituents. 

Requirements. — (1)  Tie  up  small  pieces  of  fresh  blood  clot  in  muslin, 
and  by  squeezing  under  water  remove  the  red  coipiiscles  ;  leave  in  muslin 
under  a  gentle  stream  of  water  till  the  fibrin  is  nearly  colourless. 

(2)  After  a  fresh  clot  has  stood  for  some  two  days,  cb-ain  off  the  liquid 
which  squeezes  out  of  it,  into  a  jar;  if  red,  allow  to  stand  till  the  red 
corpuscles  sink  to  bottom,  leaving  the  yellowish  serum  above. 

(.3)  Have  a  live  tadpole  m  a  drop  of  water  on  a  hoUowed-out  glass 
slide,  covered  with  a  thin  glass  cover  slip,  under  low  power  of  microscope. 
-Model  of  red  corpuscle.  Fehling.  Ammonia.  Nitric  acid.  Diagram 
of  capillaries  in  tadpole's  tail. 

{N.B. — Blood  used  and  clots,  etc.,  nuist  all  be  kept  coo^  and  covered 
up,  and  won't  "  keep  "  at  all  well  in  hot  weather.) 

Wliat  are  some  of  tlie  foods  tlrnt  blood  collects  when  it 
passes  over  the  digestive-tube  wall  ? — Sugars^  fats,  and  digested 
nitrogen  foods.  Which  kind  of  food  is  most  like  the  substance 
which  becomes  solid  and  makes  a  clot  when  blood  shed  ?  Here 
is  a  piece  of  clot.  How  does  it  differ  from  the  clot  you  saw 
last  lesson  ? — It  is  practically  colourless.  I  washed  it  well  in 
water,  and  the  red  washed  out.  So  the  red  part  of  blood  is 
not  the  part  that  clots.  How  can  we  find  out  if  nitrogen  food 
was  used  to  make  the  clot  ? 

Heat  a  little  bit  in  a  small  glass  tube,  and  let  the  fumes 
come  against  damp  pink  litmus-paper.  (Let  two  children 
come  out  and  get  this  ready.)  Which  food-stuff  does 
the  colourless  clot  look  and  feel  most  like  ? — Sugary,  fatty, 
or  meaty  foods.  It  is  most  like  washed  stringy  muscle,  or 
gluten  of  bread.  What  comes  away  when  the  clot  is  heated  ? 
— Ammonia.  So  it  contains  nitrogen.  So  clot  substance  is 
one  other  thing  that  is  built  up  from  nitrogen  foods.  Was  there 
any  part  of  the  blood  which  did  not  clot  ? — The  clot  stood  in 
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liquid,  and  wlieii  it  was  left  the  clot  got  smaller,  shrunk,  and 
in  shrinking  .squeezed  out  more  of  the  liquid.  I  drained  it  off 
after  two  ilays,  and  here  is  some  of  it.  (Test-tube  or  jar  with 
yellowish  serum  above  and  red  corpuscle  layer  below.)  What 
has  happened  ?— All  the  red  part  has  sunk  to  the  bottom  and 
there  is  a  yellowish  licjuid  on  top.  Would  you  expect  to  find 
any  nitrogen  food  in  this  liquid  There  must  be  some  some- 
where that  the  blood  doesn't  use  itself,  and  which  can  be  used 
by  the  other  parts  of  the  body.  We  will  see  if  there  is  any  in 
the  clear  liquid.  Take  a  few  c.c.  and  boil.  Thick  whitish 
solid  appears.  Is  that  solid  like  anything  you  have  ever  seen 
before  ?  What  would  happen  if  I  mixed  a  little  raw  white  of 
egg  with  water  and  boiled  ?— We  should  get  the  same  sort  of 


Ordinary  cells  x  r- 

t         between  capillaries       \  ^ 

Cafjillarij       Red  blood  White  blood 

wall  corpuscle  corpuscle 

Fig.  59. 

solid,  and  that  solid,  you  know,  we  foimd  was  a  nitrogen  food. 
How  can  I  prove  that  this  white  solid  \vhich  comes  when  we 
boil  clear  liquid  part  of  blood  (serum)  is  nitrogen  food  ? — (Heat 
and  test  with  litmus  for  ammonia,  or  add  nitric  acid,  boil,  cool, 
and  add  ammonia.)  So  we  have  shown  presence  of  nitrogen 
food  in  the  liquid  part  of  blood.  It  is  in  this  part,  too,  that  the 
other  foods  are  present.  What  will  they  be  ? — Sugars,  fats, 
salt,  water.  Let  a  child  drop  a  drop  of  serum  on  white  copper 
sulphate.  What  does  it  show  ? — Water  present.  What  part 
of  blood  have  we  still  got  to  talk  about  ? — Red  part.  What 
does  it  do  ? — Carries  oxygen  to,  and  waste  carbon  dioxide  gas 
away  from  all  parts  of  body. 

The  part  of  the  blood  that  does  this  is  alive,  and  here  you 
can  actually  see  the  live  carriers  of  oxygen  in  the  blood. 

(Let  children  come  out  one  by  one  to  see  tadpole's  tail, 
while  the  rest  draw  diagram  as  drawn  on  board.    If  this  is  done, 
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this  lesson  will  end  hero.  If  imiwssible  to  arrange  the  tadpole 
under  a  microscope,  put  up  diagram  and  discuss.) 

If  you  could  see  the  blood  in  the  tiniest  branches  of  one  of 
your  arteries  you  woirld  see  something  lilcc  this. 

[Names  not  to  be  written  up  foi'  tlic  clnldren.] 

C  are  cells  containing  protoplasm.  Tliey  form  the  greater 
part  of  the  tail,  and  running  among  them  are  the  branching 
tubes  through  which  the  blood  rushes,  but  it  would  not  look 
just  a  red  liquid,  you  would  see  a  number  of  faintly  reddish, 
oval-shaped  bodies  (like  R)  rushing  along  in  a  colourless  liquid, 
sometimes  squeezing  round  corners  into  the  narrower  tubes. 

They  are  protoplasm  or  living  substance,  separate  cells  just 

as  the  yeast  cell  was,  and  are  called  red  corpuscles  {cle,  little ; 

c^9.  icicle).   Corpus,  jou 

know,  is  corpse — body, 

so  words  mean  red  little 

bodies.    They  are  little 

indeed.     Here  I  have  a     shapes  of  a  single  white  corpuscle  at  different 
,  , .  1  1  j_      1  moments. 

gelatme  model  to  show 

?!    •       1  r\      ^  Fig.  60. 

their   shape.  Uval, 

hollow  one  side.  Model  is  an  inch  long.  If  I  could  put  3000 
of  the  red  corpuscles  side  by  side  they  would  just  reach  across 
it,  so  they  are  very  small  but  there  are  as  many  as  5  millions 
of  them  in  a  drop  of  blood  the  size  of  a  pin's  head.  Now  why 
do  you  think  blood  is  an  aU-red  liquid  Corpuscles  are  so 
closely  packed  that  you  can't  possibly  see  the  spaces  in 
between  when  blood  is  shed,  so  you  think  it  is  red  all  through. 
If  you  look  very  careftdly  at  the  vessels  you  can  sometimes  see 
also  some  quite  colourless  round  little  bodies.  What  do  you 
think  they  might  be  called  ? — "  White  corpuscles."  They  too 
are  life  substance,  and  they  can  change  their  shape,  sometimes 
pushing  out  at  one  side,  sometimes  at  another.  How  many 
have  I  put  ui  the  diagram  ? — Only  three.  They  are  much 
fewer  than  the  red  corpuscles — 1  white,  500  red.  Of  course 
that  means  millions  in  the  whole  body. 


I, 


SECTION  xxxvm 

Aims. — To  learn  function  of  white  blood  corpuscles  and  the  effect  of 
alcohol  on  red  and  white  corpuscles. 

Requieements. — Diagram  of  veasels  in  tadpole".s  tail.  Diagram  of 
tubercle  bacilli. 

Any  children  wlio  liave  not  seen  it  can  see  the  blood-stream 
in  tadpole's  tail,  while  rest  answer  questions  m  writing. 

What  does  the  liquid  part  of  the  blood  do  for  the  body  ? 

What  are  red  corpuscles,  and  what  do  they  do  for  the  body  ? 

When  all  have  seen  the  tadpole's  tail  have  some  answers  to 
the  last  question  read  out. 

What  do  red  corpuscles  do  for  the  body  ? — Pick  up  the 
oj^ygen  in  the  lungs  and  carry  it  to  the  parts  of  the  body  where 
energy  is  recj^uired.  What  happens  ? — These  red  corpuscles 
give  up  the  oxygen,  and  food  is  oxidised.  As  every  movement 
needs  oxygen,  and  heat  is  wanted  everywhere,  you  can  see  why 
such  billions  of  little  oxygen  carriers  are  wanted.  And  then 
these  same  red  corpuscles  pick  up  one  of  the  waste  substances 
formed  when  food  oxidised.  Which  waste  do  they  pick  up  ? 
— The  carbon  dioxide  gas.  {N.B. — Much  of  the  carlDon  dioxide 
is  removed  as  carbonate  in  the  liquid  part  of  the  blood.)  Where 
do  they  take  it  ? — To  lungs.  There  they  give  it  off ;  and  how 
is  it  got  rid  of  from  body  ? — Breathed  out. 

What  have  we  left  for  our  white  corpuscle  to  do  ? 

The  liquid  part  of  blood  carries  the  food  (the  shopman) 
and  the  water  (water  company)  ;  the  red  corpuscles  take  the 
oxygen  (gas  company)  and  carry  away  the  carbon  dioxide  gas 
(scavengers).  Well,  the  white  corpuscles  you  may  say  are 
some  of  the  policemen  of  the  body,  they  take  up  bad  characters. 
Here  is  a  bad  character  which  sometimes  gets  into  the  blood. 
(Diagram  of  consumption  or  tubercle  bacillus.) 

Many  illnesses,  including  diphtheria,  scarlet  fever,  smaU-pox, 
are  carried  by  bad  characters  lilce  this.    They  are  just  single 
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White 
corpuscle 


¥in.  01. 


cells  of  living  protoplasm,  just  as  tlie  yeast  is,  only  a  dift'ereut 
shape  and  much,  much  smaller. 

If  they  are  allowed  to  wander  about  in  the  blood,  these 
"  bad  characters  "  seem  to  upset  all  the  workings  of  its  proto- 
plasm. Very  often  one  sign  o[  tliis  is  that  more  heat  is  pro- 
duced than  the  body  needs  or  can  get  rid  of,  the  temperature 
rises,  and  we  say  the  person  is  feverish.  Can  you  tell  me  some 
diseases  where  this  happens  ? 
If  tilings  get  very  bad,  the 
protoplasm  can  work  no 
longer  and  dies.  What  do 
we  call  these  "  bad  char- 
acters"  which  cause 
diseases  ? — Germs,  microbes.  How  does  the  white  blood  cor- 
puscle deal  with  the  bad  characters,  the  germs  ?— It  literally 
"  takes  them  up."  Here  is  a  picture  of  a  white  corjDuscle  which 
has  taken  up  some  of  the  germs  of  consum]3tion  that  were 
wanderiug  in  some  person's  blood. 

^Vlien  the  white  corjDuscle  meets  a  germ  it  pushes  out  its 
protoplasm  and  flows  roimd  it  like  this.  Once  inside,  the 
protoplasm  of  the  corpuscle  seems  to  act  on  the  germ  some- 
what as  the  ferments  act  on  foods. 
How  is  that  ? — Dissolves  it  up,  break- 
ing up  the  protoplasm  of  the  germ  into 
other  things,  so  that  it  can  no  longer  do 
any  harm.  When  disease  germs  enter 
the  blood  then,  iu  the  food  or  water,  or 
from  the  air,  the  corpuscles  hurry  up  to  the  attack.  If  there  are 
plenty  of  healthy  corpuscles  what  will  happen  ? — All  the  germs 
will  be  swallowed  up  and  destroyed  and  no  harm  done.  If  the 
corpuscles  are  few  and  weak,  the  germs  win,  and  the  person  in 
whose  blood  the  battle  takes  place  will  be  very  ill  and  may  die. 
Now  answer  for  me  to  put  on  board,  "  What  are  the  different 
parts  of  the  blood,  and  what  do  each  do  for  the  body  ?  " 

1.  A  substance  which   can  clot   and  prevent 
bleeding  at  wounds. 
Liquid  part  carrying  water  and  dissolved 

sugary,  fatty,  and  nitrogen  foods. 
Eed  corpuscles,  carriers  of  oxygen  and  carbon 

dioxide  gas. 
White  corpuscles,  destroyers  of  germs. 


e3 

Fig.  62. 


Corpuscle 


-Bacillus 


On  Board- 


2. 


3. 


4. 
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SECT. 


Whiib  li;i|)|)('iis  III  thesis  iin])Oi-t;int  pai'ts  of  t!ic  blood  if 
alcohol  in  alo  or  spiriLs  or  othor  drinks  is  swallowed  ?  Can  the 
alcohol  get  into  the  blood  ? — Yes,  veiy  t|uickly,  two  minutes  , 
after  takni";  it  some  of  it  has  ])assed  through  the  walls  of 
digestive  tube  into  the  tiny  branches  of  the  blood-vessels  which 
cover  it. 

Which  part  of  tbe  blood  will  you  expect  alcohol  to  especially 
attack  ?    Living  parts  or  the  food  materials  ? — Living  parts. 
It  hurts  yeast  cells  and  the  seeds  or  eggs  of  all  living  things. 
Which  parts  of  blood  are  very  like  those  ? — Red  and  white 
corpuscles^,  for  both  are  living  protoplasm.    Scientists  have 
found  that  quite  small  quantities  of  alcohol  damage  the 
protoplasm  of  red  corpuscles,  and  make  them  more  liable 
to  be  dissolved  and  broken  up.     If  you  have  fewer  red 
blood  corpuscles  you  may  look  pale,  and  people  often  then  say 
you  are  anaemic.    Anaemia  may  be  brought  about  by  bad 
or  too  little  food,  or  because  food  is  not  properly  digested, 
and  in  other  ways,  and  one  of  these  other  ways  is  by  taking 
alcohol.    Why  does  it  matter  to  the  body  if  its  red  corpuscles 
are  destroyed  or  unhealthy  ?— Oxygen  is  not  properly  carried 
td  different  parts  of  the  body  or  carbon  dioxide  gas  away.  Where 
is  oxygen  wanted  ? — Where  building  up  of  new  muscle  or  bone 
is  <Toing  on,  or  where  there  is  movement.    So  will  children  or 
grown-ups  need  luost  oxygen  ?— Children  ;  their  protoplasm 
has  far  more  of  this  work  to  do.    So  children  want  heaps  of 
healthy  red  corpuscles  and  certainly  don't  want  alcohol  to  make 
those  useful  little  bodies  weak.    Will  alcohol  do  anything  to 
the  "  policemen  "  of  the  body      Yes,  they  are  alive  too,  and 
the  alcohol  just  paralyses  them  ;  very  tiny  quantities  of  drink 
makes  the  white  blood  corpuscles  still  and  useless  in  the  pres- 
ence of  dangerous  germs,  which,  if  they  were  healthy,  they 
would  swallow  up  and  destroy.    When  the  germs  of  some 
disease  get  into  a  person  who  drinks  beer  or  spirits,  they  are  not 
destroyed  readily  by  his  white  blood  corpuscles,  as  they  would 
be  by  those  of  a  teetotaller.    If  the  germs  are  not  destroyed 
what  happens  ?— The  person  gets  the  ilhiess,  diphtheria,  or 
typhoid,  or  consumption,  which  is  given  by  that  germ.  With 
some  skin  diseases  the  white  blood  corpuscle  never  is  able  to 
drive  out  the  germ  fi-om  people  who  take  much  alcoholic  drink, 
and  so  it  is  "found  that  brewers  and  their  draymen  suffer 
especially  from  those  diseases.    Where  docs  the  alcohol  go, 
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once  it  is  iu  tlie  blood  All  over  tlio,  body.  Will  it  find  any- 
thing to  hurt  outside  the  blood-vessels  when  it  passes  through 
their  walls  ? — Yes,  everywhere  there  is  protoplasm,  and  it  must 
affect  the  protoplasm,  the  living  substance,  and  make  it  less 
able  to  do  its  work  and  more  ready  to  be  attacked  by  any 
disease  germ. 

Write  down  the  three  important  parts  of  the  body  which  in 
this  lesson  I  have  told  you  arc  hurt  by  alcohol. 

{Note. — Children  may  ask  why  people  who  drink  have  red 
faces,  whereas  one  would  expect  them  to  be  anaemic.  See 
Section  XLI.  for  the  action  of  alcohol  in  distending  blood- 
vessels, to  explain  this.  It  is  the  excess  of  blood  present  in  the 
permanently  distended  capillaries  which  causes  the  unpleasant 
redness,  not  an  increased  number  of  red  corpuscles  in  the  blood.) 


SECTION  XXXIX 


Aim. — To  learn  tuc  cft'cots  of  alcohol,  on  red  blood  corpuscles  and 
niusclo  of  heart  itself. 

How  is  a  red  blood  corpuscle  like  a  yeast  cell  ? — It  is  a  tiny 
mass  of  protoplasm  or  liie  substance.  What  can  all  such 
protoplasm  do  ? — Take  up  dissolved  food  materials.  What  is 
the  food  used  for  ? — To  build  up  new  life  substance  and  for 
energy.  What  good  is  that  \ — The  protoplasm  grows,  is  kept 
properly  warm,  and  is  able  to  do  work  and  cause  movements. 

{N.B. — A  red  corpuscle  grows  to  a  certain  size,  but  does  not 
b\id  out  lilce  a  yeast  cell,  or  divide  like  a  fi-og's  egg  when  it  is 
worn  out ;  it  is  apparently  destroyed  in  the  liver,  while  new 
corpuscles  are  made  in  the  red  marrow  of  bones.)  What  work 
do  the  red  "  little  bodies  "  (red  corpuscles)  do  ?— They  carry 
oxygen  to  all  parts  of  the  body  and  bring  away  waste  carbon 
dioxide  gas.  What  substance  was  it  which  stopped  yeast  and 
fi'og's  eggs  from  growing,  which  was  their  work  1 — Alcohol. 
Would  you  expect  alcohol  to  stop  red  corpuscles  fi'om  working  ? 
— Yes.  Why  ? — Because  they,  too,  are  made  of  protoplasm, 
just  like  the  yeast  and  the  frog's  eggs. 

Scientific  men  have  made  many  experiments  and  found  that 
a  small  quantity  of  alcohol  taken  often,  e.g.  every  day,  does  hurt 
the  red  corpuscles  just  as  you  would  think,  and  so  prevents 
them  from  doing  their  work.  If  the  body  does  not  get  its 
proper  amount  of  oxygen  what  will  happen  ? — Food  will  not 
be  oxidised.  Why  does  that  matter  ?— The  heat  of  the  body 
won't  be  kept  up,  and  also  the  body  has  no  energy  for  move- 
ment or  such  work  as  thinking.  Have  you  ever  seen  any  one 
whose  red  corpuscles  were  not  healthy  and  doing  their  work 
properly  ?  What  colour  would  you  expect  them  to  be  ?— Pale. 
"  Anaemic "  we  say.    Are  those  people  lively,  energetic, 
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elcver  ?— No.  Thoy  want  to  sit  still.  Tlicy  can't  think  quickly, 
are  not  sharp,  ofteri  feel  cold.  Why  ?— Their  red  corpuscles  arc 
few  or  unhealthy,  not  carrying  oxygen  over  the  body,  the  food 
not  being  oxidised  properly  to  give  the  energy  the  body  needs. 
Several  things,  bad  food,  or  too  little  food,  or  not  enough  sleep, 
may  make  their  red  corpuscles  weak  and  lazy  in  this  way. 
What  other  thing  have  wc  also  said  does  this  ? — Alcohol.  So 
would  you  give  a  pale  anaemic  person  stout,  or  wincarnis,  or 
any  such  patent  wine  '? — No.  Why  ? — Because  it  contains 
alcohol,  which  only  further  weakens  the  protoplasm  of  the 
corpuscles.  What  would  you  give  them  ? — Milk  and  really 
nourishing  foods  which  can  be  used  by  the  protoplasm  to  build 
up  new  healthy  corpuscles.  Two  children  come  out  and  write 
up  on  blackboard  on  one  side  some  things  that  hurt  red  cor- 
puscles, on  the  other  some  things  that  help  make  strong  red  cor- 
puscles.   (Sleep,  fresh  air,  good  food,  good  drinks,  exercise.) 

Is  there  anything  else  in  the  blood  rather  like  the  red  blood 
corpuscles  ? — The  white  corpuscles.  What  does  alcohol  do 
to  them  ? — -Paralyses  them  so  that  they  can't  destroy,  swallow 
up,  germs.  How  does  a  drinker  differ  there  from  a  teetotaller  ? 
■ — People  who  take  alcohol  catch  illnesses  like  diphtheria  and 
typhoid  much  more  easily,  and  have  them  worse  than  tee- 
totallers. How  does  alcohol  get  into  the  blood  to  do  all  this 
mischief  ? — People  drink  it  in  ale  or  spirits,  or  in  some  patent 
medicines.  Where  does  it  go  ? — Into  digestive  tube  first. 
Can  it  get  through  the  wall  ? — Yes,  very  quickly,  quicker  than 
almost  anything  else  we  eat  or  drink.  What  does  it  pass  into  ? 
— The  fine  branches  of  the  blood-vessels.  Where  is  it  carried 
at  once  ? — To  the  heart  and  to  all  parts  of  the  body,  every- 
where hurting  corpuscles  as  it  goes.  Can  alcohol  hurt  the  heart 
itself  ?  What  is  the  heart  mostly  made  of  ? — Muscle.  What 
is  this  muscle  doing  all  your  life  ? — Shortening  and  lengthening 
so  that  the  rooms  in  the  heart  get  smaller  and  bigger,  and  the 
blood  is  pumped  in  and  out. 

(Heart  muscle  automatically  contracts ;  it  is  not  under 
control  of  the  brain  or  grey  matter  of  spinal  cord  in  the  same 
way  as  the  rest  of  body  muscles  are,  though  contraction  is 
regulated,  i.e.  quickened  or  slmvecl,  by  messages  from  central 
nervous  system.)  Many  scientific  men  have  tried  the  effect 
of  alcohol  on  this  heart  muscle,  and  they  find  that  when  there 
is  only  -5  per  cent  in  the  blood  the  muscle  slowly  weakens  and 
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does  not  work  properly.  (Let  a  girl  measure  into  a  glass 
tcaspoonfuls  of  water  and  colour  it  with  red  ink.)  Why  does 
it  matter  if  heart  muscle  uo  longer  shortens  a)id  lengthens  as 
it  ought  ? — Blood  is  not  pumped  in  and  out  of  the  heart  and 
all  over  the  body  as  it  should  be.  Wliat  does  that  prevent  the 
protoplasm  from  getting  ? — Some  of  the  food  and  oxygeji  it 
needs.  Here  are  100  tcaspoonfuls  of  red  water.  Suppose  it 
is  blood  in  a  blood-vessel.  How  mucli  alcohol  must  I  add  to 
make  it  of  -5  per  cent  strength  ? — Only  |  a  teaspoonful.  A 
glass  or  two  of  ale  would  soon  send  as  much  alcohol  as  tliis 
into  the  blood-stream.  Of  course,  the  bad  effect  on  the  heart 
muscle  of  a  very  little  alcohol  is  not  very  great  at  first,  but  if 
day  after  day  the  dose  of  alcohol  is  repeated,  it  means  that  the 
heart  muscle  itself  doesn't  have  as  much  blood  pumped  through 
it  as  it  wants.  Why  does  heart  muscle  especially  require  lots 
of  blood  ? — ^It  is  always  working  and  always  wanting  more 
food  to  build  up  new  muscle,  protoplasm,  and  to  supply  energy. 
What  will  happen  if  the  blood  supply  to  it  is  less  ? — Can't  work 
so  well,  so  shortens  and  lengthens  less  and  less  well  as  the 
months  go  on  when  alcohol  is  being  taken.  Many  people  who 
have  taken  a  little  alcohol  daily  for  years,  when  they  leave  it 
off,  find  they  have  far  more  energy  after  some  weeks  as  tee- 
totallers, because  their  heart  muscle  recovers  and  now  pumps 
the  blood  with  its  food  and  oxygen  properly  to  all  parts  of  the 
body. 

(Here  should  come  the  contents  of  Section  II.  (c),  Board  of 
Education  Temj^erauce  Syllabus.) 
Answer  in  ivrit  ing : 

1.  What  does  the  blood  carry  to  the  life  substance  in  all 
parts  of  the  body  ? 

2.  What  is  it  makes  blood  move  all  over  the  body  ? 

3.  What  does  alcohol  do  to  heart  muscle  ? 

4.  How  much  alcohol  will  do  this  ? 

5.  Why  would  you  expect  a  teetotaller  to  be  : 

(a)  More  energetic  than  a  drinker  of  alcohol  ? 
(h)  Less  likely  to  catch  fevers  ? 

( (a)  should  be  of  course  a  summary  of  the  answers  to 
1,  2,  3,  and  4.) 


SECTION  XL 


Aim.— To  grasp  tho  idea  of  Iho  nervous  system  as  the  controlling 
factor  in  physical  life  and  deadly  efiect  of  alcohol  upon  it. 

I  want  to  write  upon  board  a  list  of  the  parts  of  the  body 
we  have  talked  about  and  what  they  are  used  for.  (Possible 
questions.) 

What  happens  to  the  food  we  eat  ? 

Where  does  digested  food  go  fi-om  digestive  tube  ? 

What  pumps  the  blood  round  the  body  ? 

What  is  food  used  for  by  protoplasm  ? 

Where  does  oxygen  come  from  ? 

What  happens  to  the  waste  carbon  dioxide  gas  ? 

How  do  different  parts  of  the  body  move  ? 

(From  these  and  similar  questions  get  the  following  on 
board :) 

Digeslive  Tube.— Food  is  made  soluble  so  that  it  can  pass 
through  the  digestive  tube  and  blood-vessel  wall^  so  that  the 
protoplasm  can  use  it. 

Blood-Vessels  and  ffearf.— Pump  the  blood  into  any  part  of 
the  body. 

Arteries. — Take  the  blood  from  the  heart. 

1.  Blood  with  oxygen  to  protoplasm  everywhere. 

2.  Blood  with  waste  carbon  dioxide  gas  to  the  hmgs. 
Veins. — Take  blood  to  the  heart. 

1.  From  the  body,  carrying  waste  carbon  dioxide  gas. 

2.  From  the  lungs  carrying  oxygen. 

Hair-like  thin-walled  tubes  joining  veins  and  arteries. 

Through  their  thin  walls  food,  oxygen,  carbon  dioxide  gas, 
and  water  pass. 

Lungs. — The  place  where  the  blood  can  give  up  its  carbon 
dioxide  gas  and  get  fresh  supplies  of  oxygen. 
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Fig.  63.— Nervous  system,  including  vagus  or  tentli  nerve  going  to  the  stdmach 
and  giving  a  brancli  to  the  heart. 
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Muscle.— All  the  movements  in  the  body,  e.g.  of  limbs 
digestive  tube,  or  heart,  are  brought  about  by  shortenmg  and 

lengthening  of  muscle.  •    ji    i  i 

What  is  it  that  you  would  find  everywhere  m  the  Dociy, 
doing  all  the  work,  e.g.  in  the  wall  of  the  digestive  tube  making 
the  juices  that  are  toVligest  the  food  ?— Protoplasm.    In  blood 
carrying  the  oxygen  aiid  carbon  dioxide  gas  ?— The  protojjiasm 
of  the  red  corpuscles.    In  muscle  bringing  about  its  shortening 
and  lengthening  and  building  up  new  muscle  as  the  old  is 
worn  out  ?— Again  protoplasm.    But  does  the  protoplasm  in 
any  one  part  of  the  body  work  aU  "  on  its  own,"  and  is  there 
no  special  protoplasm  which  has  charge  of  all  the  rest,  and  can 
stop  its  work  or  quicken  it  for  a  time  if  necessary  ?    What  is 
it  that  tells  the  protoplasm  of  muscles  in  the  hand  that  they 
have  to  shorten  so  that  hand  can  pick  up  a  fork  ?   What  did  we 
find  in  the  leg  of  the  rabbit  ?— Long  white  nerves  which  led  from 
the  brain  or  cord  to  muscle.    The  protoplasm  of  the  bram  sent 
a  message  down  the  protoplasm  in  a  nerve  to  the  muscle  proto- 
plasm and  the  muscle  substance  shortened  and  then  lengthened 
again.    The  same  sort  of  thing  happens  everywhere,  the  proto- 
plasm in  the  brain  or  in  the  long  continuation  of  the  bram, 
which  runs  down  inside  the  backbone  and  which  we  call  the 
cord,  continually  sends  out  messages  to  the  protoplasm  every- 
where in  the  body,  starting  it  at  work  or  stopping  it,  or  hurrying 
it  up  or  slowing  it.    Here  is  a  picture  of  the  brain  and  its  con- 
tinuation the  spinal  cord,  with  the  protecting  backbone  taken 
away ;  and  here  you  see  the  "  nerves,"  as  we  call  them,  gomg 
o&  to  different  parts  of  the  body.    Where  will  many  of  these 
nerves  be  going  to  ?— Muscles  oif  limbs.    But  here  is  one  that 
is  going  somewhere  else.    Where  ?— To  the  digestive  tube, 
mat  messages  might  its  protoplasm  take  ?— A  message  to  the 
muscles  of  the  wall  to  shorten  so  that  food  may  be  churned 
up,  or  a  message  to  the  protoplasm  in  the  wall  to  make  ferments 
and  juices  for  digestion  of  the  food. 

(Stimulation  of  vagus  nerve  changes  the  rate  and  amount  of 
contraction  of  muscular  walls  of  digestive  tube,  also  secretion 
of  gastric  juice.  If  the  splanchnic  nerve,  i.e.  a  nerve  from  the 
sympathetic  system,  is  stimulated,  this  causes  contraction  of 
artery  muscles,  thereby  causing  diminished  blood  supply,  and 
■  therefore  diminished  activity  of  stomach  muscles.)  Here  is 
another  nerve  going  to  the  heart  (another  branch  of  vagus). 
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We  said  heart  luu.scle  can  ,shoj-tcn  uiid  Iwif-tlioii  witliout 
messages  Irom  tlie  commanding  bi'ain  and  nerve  pjotopla,sm 
but  sometimes  it  does  this  too  quickly  and  the  heart  "  beats 
too  iast,  then  along  (umies  a  message  by  this  nerve  to  slow 
down  to  the  |.ro|.er  pace.  Wliat  other  way  might  the  heart 
muscle  work  wrongly  It  might  sliorten  too  slowly  not 
enough  m  a  mmutc ;  then  down  anotJier  nerve  would  come  a 
message  to  quicken  iq). 

Then  there  are  some  nerves  that  take  messages  lo  the  biain 
protoplasm  or  its  continuation  inside  the  backbone.  1  will 
show  you  this  happening.    (Have  a  child  come  out  in  fi'ont  of 

mJiT"^  ^  f-li^'^i  ^'''^^'^^  "^^'^^^^^y  ^^l^at  happens. 
(Don  t  touch  the  child,  but  brmg  your  hand  down  as  near  the 
eye  as^  possible  without  touching.)  What  happened  ?~She 
blinked.  Why  did  she  blink  ?-A  nerve  running  from  the  eye 
to  some  protoplasm  m  the  cord  took  a  message  that  something 
was  commg  which  would  hurt  the  eye,  and  before  the  hand 
could  get  there,  more  nerves  brought  back  messages  to  the 
muscle  moving  the  eyelid  commanding  them  to  shorten  and 
so  close  the  eyelid.  Can  you  think  of  any  other  times  when 
messages  of  danger  are  taken  like  this  to  the  central  command- 
mg,  bram  or  to  the  cord  protoplasm  and  messages  are  sent  back 
to  muscles  to  avoid  danger  ?  (Touching  something  very  hot 
e.g.  m  sole  of  foot,  muscles  not  actually  ioucMrirj  the  hot  thing 
are  made  to  remove  the  foot.  Swallow  a  crumb  "  wi'ong  way," 
some  muscles  of  windpipe  get  message  to  contract,  and  a  cough 
is  the  result  to  expel  the  crumb.) 

Again  what  happens  when  you  see  a  sweet  and  pick  it  up  to 
eat  it  ?  What  takes  the  message  to  the  brain  protoplasm  that 
the  sweet  is  there  ?— A  nerve  from  the  eye,  then  a  certain  part 
of  the  bram  protoplasm  "  thinks  "  about  it,  as  we  say,  and 
sends  a  message  to  the  muscles  of  the  hand  and  arm  to  shorten 
and  lengthen  in  such  a  way  that  the  hand  can  pick  it  up  ? 
What  takes  that  message  ?— Nerves  again.  Meanwhile .  perhaps 
your  mouth  "  waters."  Why  is  that  ?— The  brain 'has  sent 
another  message  to  the  protoplasm  in  that  part  of  the  mouth 
which  makes  saliva  to  make  haste  and  make  the  saliva  to 
begin  to  digest  a  nice  sweet  that  is  coming  to  it.  Probably 
even  some  messages  have  gone  to  the  digestive  tube  to  get 
the  protoplasm  in  its  walls  to  make  its  digestive  juices  all  ready, 
and  all  these  messages  have  gone  by  means  of  the  protoplasm 


XL     SCIENTIFIC  HYGIENE  AND  TEMPEKANOE  157 

of  the  nerves,  and  all  so  quickly  that  you  ^vould  not  say  you 
had  thought  about  eatuig  that  sweet  at  all.    Each  of  yo 
draw  a  sweet,  an  eye,  dot  for  braur  protoplasm,  a  hand,  a  d 
put  in  lines  to  show  how  a  message  goes.    When  you  don  t 
lave  to  Ihink  about  an  action  at  all,  e.g.  to  pul  hand  away  lom 
a  too  hot  flat  iron,  it  only  takes  about  ihree-jrJtieOis  of  a  seconcl 
for  message  to  go  to  the  cord  by  one  nerve  and  ii'om  coid  by 
another  nerve  to  the  muscles,  which  will  at  once  contract  and 
move  the  hand  away.    Suppose  it  is  a  case  of  thinkmg,  e.g. 
seeing  a  sweet,  thinking  you  want  to  eat  it,  and  the  message 
to  come  from  hmin  to  arm  and  hand  muscles  to  shorten  tlien 
hi  order  to  do  this,  it  takes  a  bit  longer,  perhaps  one-fiftteih  of 
a  second.    If  you  want  to  be  quick  in  gettmg  yourself  out  ot 
danger  what,  above  all,  must  you  keep  healthy  ^-Protoplasm 
of  brain,  cord,  and  nerves.    If  you  want  to  thmk  quickly  and 
well,  what  must  be  healthy  ?-Brain  protoplasm.  _  If  you  want 
to  move  quickly  and  deftly  you  must  have  the  bram  protoplasm 
and  nerve  protoplasm  able  to  give  its  commands  rightly  to  the 
muscles.    If  your  digestion  is  to  go  on  proper  y,  what  must  be 
in  order      Nerves  which  take  messages  to  digestive  muscles 
and  to  protoplasm  which  buUds  up  digestive  juices  and  the 
protoplasm  of  brain  from  which  those  messages  come,    if  your 
heart  muscle  is  to  be  guided  and  controlled  so  that  heart  beats 
in  the  ric^ht  way,  neither  too  slow  nor  too  great,  what  must  be 
healthy  ?    Some  child  come  out  and  point  out  parts  on  diagram, 
brain  protoplasm  and  nerve  to  heart.    Why  is  it  that  a  drunken 
man  cannot  walk  straight  ?— Alcohol  has  poisoned  the  proto- 
plasm of  a  part  of  brain  (cerebellum)  which  sends  messages 
to  muscles  when  a  good  many  are  required  to  act  all  at  once 
to  make  a  movement.    Since  this  protoplasm  is  poisoned  the 
muscles  do  not  get  the  right  messages,  some  perhaps  get  none 
at  all  and  so  the  right  movements  are  not  made.  Ihrougii 
this  accidents  often  happen.    Give  me  some  examp  es  ot 
accidents  due  to  muscles  not  working  properly.    A  doctor 
found  that  in  Edinburgh  some  years  ago,  when  public-houses 
were  open  on  Saturday  night,  the  number  of  accidents  was 
double  those  which  occurred  on  any  other  day.    Why  do  you 
think  '—Men  were  paid  their  wages  and  drank  beer  and  spmts. 
What  did  the  alcohol  do  to  them  ?— It  affected  the  protoplasm 
of  their  brains,  and  they  didn't  see  dangers  quickly,  t.e.  the 
messages  brought  by  the  nerves  from  the  outside  world  to  the 
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l)raiii  inside  wore  not  understood^  or  the  messages  sent  to  tlie 
muscles  were  slow  or  muddled,  wrong  movements  were  made 
and  an  accident  happened.  But  does  a  Itllle  alcohol  hurt  the 
protoplasm  of  bi'ain,  cord,  and  nerve  ?  I  want  you  all  to  do 
an  expeiiment,  and  then  you  will  be  able  to  understand  how 
scientific  men  tried  if  alcohol  in  small  doses  would  hurt  the 
brain  protoplasm.  When  I  tap  on  this  table  with  this  ruler 
I  want  each  of  you  to  put  your  right  hand  up.  Now  !  Yes, 
you  all  did  that  pretty  quickly,  some  were  quicker  than  others! 
Why  ?— Probably  brain  protoplasm  in  a  healthier  condition 
sent  a  message  quicker  down  the  nerves  to  the  arm  muscles. 
Those  people,  perhaps,  are  getting  more  sleep  or  better  food 
than  the  slow  ones.  When  brain  protoplasm  is  growmg  you 
need  lots  of  sleep.  What  do  you  think  would  happen  if  I  gave 
each  of  you  a  very  little  alcohol  (J  oz.)  ?  (Show  8  oz.  medicine 
bottle  with  J  oz.  marked.)  Just  for  the  fir'st  10  minutes  you 
might  be  quicker  in  putting  your  hands  up  when  I  tap,  but 
after  that  you  would  be  slower  and  slower,  and  would  stay  slow 
for  i  or  5  hours  as  long  as  any  alcohol  remained  in  the  body. 
Wljiy  ■? — Because  alcohol  poisons  the  brain  protoplasm  and  the 
messages  are  slowed.  Now  here  is  another  experiment.  Add 
up  the  sums  on  board  and  put  your  hand  up  the  second  you 
finish  them  all,  e.g.  2  +  3,  7  +  2,  8  +  9,  23  + 16  ?  Which  do  you 
"  think  "  about  most,  adding  up  such  sums  or  putting  up  a 
hand  at  a  tap  ?  Which  is  the  most  important,  to  think  well 
or  make  such  a  movement  quicldy  ? — To  think  well.  It  is 
most  important  that  that  part  of  the  protoplasm  of  the  brain 
which  does  such  thinldng  shoidd  be  healthy  and  able  to  think 
well  and  quickly.  If  you  added  up  figures  every  day  for  six 
days,  would  you  do  it  better  than  at  first  ? — Yes,  brain  proto- 
plasm would  have  "  got  the  habit."  AVell,  some  men  did  this 
and  got  quite  quick,  and  then  on  the  seventh  day  they  took 
a  little  alcohol  and  went  on  taking  some  each  day.  "\^^iat  do 
you  think  happened  ? — They  at  once  got  slower  and  they  made 
more  mistakes.  Why  ? — Because  alcohol  had  poisoned  that 
part  of  the  brain  which  does  the  thinking.  Wliat  part  of  your 
body  do  you  remember  with  ? — Protoj^lasm  of  brain.  TVTiat 
will  you  expect  to  happen  to  a  brain  which  has  been  poisoned 
by  alcohol  ? — Memory  gets  bad,  can't  trust  what  such  folk  say, 
often  because  they  don't  remember  what  really  happened. 
When  you  ivill  to  do  something,  say  to  drink  one  thing  and  not 
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auother  what  part  of  your  body  is  used  in  the  willing,  the 
deciS  what  you  will  do,  and  doing  it  ^-Pr^toplasm  of  bran., 
it  has  t^  thin/about  all  the  reasons  for  drinkmg  he  one  lung 
and  not  the  other.    Give  me  some  reasons    Such  reasons  as 
What  is  that  drink  made  of  ?    WUl  anythmg  m  it  hurt  my 
body  ?    Does  it  matter  if  any  part  of  my  body  is  hurt  ?  Will 
it  aiiect  my  work  ?    What  work  am  I  going  to  do  ?    Will  that 
work  hurt  or  help  the  other  people  I  work  with  or  for  ?  bha 
I  get  on  in  the  world  if  I  can't  do  my  work  properly  and 
so  on  ;  heaps  of  things  the  brain  protoplasm  has  to  think  OLit 
Suppose  you  have  been  drink-ing  alcohol,  even  a  little.  Will 
youi  brain  protoplasm  be  as  able  to  think  clearly  and  quickly 
as  the  man  who  has  never  taken  any  alcohol  ?    So  the  tee- 
totaller is  likely  to  remain  a  teetotaller  because  he  can  thmk 
more  clearly  about  these  things.    Will  it  ever  matter  to  other 
people  if  you  take  alcohol  and  your  muscles  don  t  get  the  right 
messaoes  in  good  time  from  the  brain  or  cord  ?    Suppose  you 
are  drivino-  a  taxi  and  an  hour  before  you  started  you  took  some 
drink  some  one  darts  across  in  front  of  your  cab,  wUl  your  bram 
send  a  message  to  your  hand  and  arm  muscle  to  turn  the  wheel 
so  quickly  as  it  would  have  done  if  you  had  had  no  alcoholj— 
Almost  certainly  it  won't,  and  by  that  small  amount  of  ditier- 
ence  you  may  have  an  accident  and  run  over  the  person. 
(Signalmen,  machinists  of  all  kinds,  commanders  of  ships  or 
armies  all  need  to  decide  quickly  and  accurately.)    How  long 
do  you  thmk  yoiu'  brain  protoplasm  goes  on  growing  ?— Till 
you  are  thirty,  and  the  younger  you  are  the  less  grown  it  is 
and  the  more  delicate  and  more  easily  injured.    Once  the  bram 
protoplasm  is  injured  it  is  the  most  difficult  of  any  part  of  the 
body  to  repak,  and,  as  we  have  seen,  it  is  by  far  the  most  im- 
portant.   You' saw  what  alcohol  did  to  young  growing  proto- 
plasm in  frogs'  eggs  and  yeast.    It  is  just  as  bad  for  growmg 
brain  protoplasm.    Children  who  want  in  the  future  to  think 
well,  to  remember  well,  to  move  well,  i.e.  do  things  through 
their  muscles  deftly  and  not  clumsily  (here  put  in  any  trades 
the  children  know),  must  not  drink  alcohol.    Why  not  ? — 
Alcohol  hurts  protoplasm  of  the  brain  and  cord  which  controls 
all  these  things. 


SECTION  XLI 


Aim. — To  give  some  common  examples  of  the  way  in  which  alcohol 
deceives  people. 

Give  me  the  reason  why  alcohol,  even  in  small  quantities, 
makes  people  forgetful,  even  untruthful,  less  able  to  do  good 
head  work,  such  as  sums  or  clerks'  work,  clumsier,  less  able  to 
save  themselves  from  accidents,  and  in  fact  much  less  usefid  in 
the  world  than  they  might  be.  Alcohol  hurts  the  delicate 
protoplasm  of  brain  and  cord  which  rules  all  the  other  proto- 
plasm in  the  body.  Why  then  are  there  so  many  public-houses 
and  so  many  people  who  take  alcohol  1  Many  of  those  who 
drink  never  heard  the  reasons  for  not  taking  alcohol  as  you 
have  learnt  them.  They  thmk  if  they  take  "  too  much  "  it 
may  be  bad  for  them  at  the  time,  yet  next  day  they  suppose 
they  will  be  all  right  again.  They  don't  know  that  once  they 
have  hurt  their  delicate  brain  protoplasm  it  may  take  a  long 
time  to  get  right  again  ;  they  don't  know  that  a  teaspoonful  of 
spirit,  though  it  doesn't  seem  to  hurt  them,  really  makes  the 
brain  protoplasm  less  able  to  work  well.  They  don't  know 
that  taken  to-day,  its  hurting  power  lasts  till  to-morrow.  Here 
is  a  true  story  which  shows  how  alcohol  takes  a  man's  power 
of  understanding  away. 

There  were  a  number  of  men  (compositors)  who  set  up  type 
for  printing.  Is  that  work  which  wants  thinking  about  ? — 
Yes,  wants  an  active  brain  and  quick  muscle  action.  Well, 
these  men  one  day  "  set  up  "  letters  when  they  had  had  no 
drink,  and  the  next  day  did  same  talcing  a  liUle  alcohol.  It 
was  found  that  they  set  up  fewer  letters  on  the  days  when  they 
had  drink.  Why  The  alcohol  had  hurt  the  brain  proto- 
plasm and  thought,  and  the  messages  to  the  muscles  went  on 
slower.    But  the  fimny  thing  was  that  the  men  were  quite 
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sure  that  tliey  were  doing  hetter  work  on  the  clays  they  were 
takmg  alcohol,  until  the  end  of  the  day  came  and  they  counted 
up  their  letters,  and  found  that  they  were  working  really  badly. 
Why  were  they  so  mistaken  in  their  judgment  ?  Again  alcohol 
had  poisoned  brain  protoplasm,  and  it  could  not  think  and 
imderstaud  properly.  Alcohol  then  not  only  makes  people 
work  badly,  but  deceives  them  into  thinldng  that  they  are 
workmg  weU  so  that  they  don't  want  to  do  better.  But 
alcohol  deceives  people  in  other  ways  too.  Have  you  ever' 
heard  a  man  or  woman  say  "  I'll  take  a  drink  to  warm  myself  "  ? 
Most  people  are  quite  sure  about  it,  and  yet,  really,  drinking 
makes  a  person  colder  in  the  end.  Fom  can  understand  how, 
now,  because  we  have  been  learning  how  the  body  works, 
io  esplam  it  you  must  answer  some  questions. 

Are  you  hotter  inside  your  body  or  at  the  surface,  which 
ot  course  is  the  skin  ?— We  are  hotter  in  the  inner  layers  and 
for  instance  where  the  heart  is.    Why  ?— 1 .  Chemical  changes! 
oxidation  which  chiefly  gives  the  heat,  go  on  largely  in  deeper 
muscular  layers.    2.  The  heat  at  surface  is  lost.    How  \— 
It  gives  out  to  the  surrounding  cooler  air,  furniture,  etc.  How 
^  the_  heat  brought  to  the  surface  ?    W^hat  is  it  that  passes 
from  mside  to  the  outer  layers  of  body  ?— The  blood-stream. 
Many  blood-vessels,  just  under  skin,  bring  hot  blood  to  surface 
What  happens  there  ?— It  loses  some  of  its  heat  and  goes  back 
cooler  to  the  heart  and  the  inner  parts  of  body.    Can  you 
ever  get  more  blood  suddenly  brought  to  surface  ?  What 
happens  when  you  blush  ?— Much  more  blo6d  is  suddenly 
rushing  through  blood-vessels  under  skin.    Wbat  must  happen 
to  wail  of  vessels  if  more  blood  can  come  into  them,  because  the 
vesse  s  are  quite  fuU  to  start  with  ?— The  walls  of  the  blood- 
vessel must  stretch.    Now  the  walls  contain  muscle  fibres 
Winch  are  elastic,  passing  round  them  as  this  bit  of  red  cotton 
IS  wound  round  this  indiarubber  tube.    What  could  make  the 
blood-vessel  widen  ?-If  the  muscle  lengthened.    What  do 
you  thmk  could  bring  word  to  the  muscle  to  lengthen  Nerve 
irom  bram  or  cord  protoplasm,  and  that  is  what  happens  when 
a  part  works  hard  and  wants  more  blood  passing  through  it  to 
brmg  oxygen  or  carry  off  carbon  dioxide  gas.    A  messaae 
comes  along  the  nerve,  the  muscles  round  vessels  then  lengthen 

tfiCu  ™t  ^^^^  it  i«  carried 

in  the  blood  to  protoplasm  of  brain  or  cord,  paralyses  these 
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coiiti-olling  orc^ans  so  that  tlic  muscles  round  blood-vessels 
lengthen,  and  the  blood  rushes  moi'e  ([uickly  to  surface.  When 
it  lirst  reaches  the  skin,  what  will  skin  feel  like?— Wai-juer. 
So  a  message  goes  along  a  nerve  from  the  skin  to  the  brain 
jorotoplasm  that  it's  warm,  and  the  man  thinks  he  is  warmer  all 
through.  But  what  is  the  blood  like  as  it  goes  back  again 
inside  body  ?— Cooler.  So,  after  a  time  instead  of  being  warmer, 
the  whole  body  will  be  colder,  because  the  hot  blood  has  been 
briiigmg  heat  from  inside  and  losing  it  at  surface.  Do  Arctic 
explorers  drink  alcohol  ? — No  ;  they  know  it  really  would  make 
them  colder,  though  for  the  first  few  minutes  they  would  feel 
warmer.  A  drunken  man  sleeping  out  in  cold  will  die,  because 
the  alcohol  causes  the  blood  to  bring  all  the  heat  to  the  surface 
and  lose  it  there.  So  you  can  tell  any  one  who  drinlcs  to  get 
warm  that  the  alcohol  is  just  deceiving  them  as  usual.  There 
is  another  time  when  people  take  alcohol  because  they  don't 
know  what  it  does  to  the  body  really.  "  I  feel  faint,"  says  a 
woman,  "  I  will  have  a  drop  to  hearten  me  up."  Why  does 
any  one  "  feel  faint  "  ? — The  protoplasm  of  the  brain  is  not 
working  properly,  the  person  can't  think,  and  also  messages 
are  not  being  regularly  sent  out  to  the  muscles  of  the  limbs,  to 
the  heart,  and  all  the  other  parts  of  the  body.  Can  we  think 
of  anything  that  might  have  hurt  the  brain  protoplasm  and 
stopped  its  worldng  ?  What  is  needed  for  any  protoplasm 
to  be  built  up  and  kept  working  ? — Food  and  oxygen.  What 
brings  these  to  the  brain  ? — Blood-stream.  What  sends  the 
blood-stream  up  to  the  brain  ? — The  pumping  of  the  heart 
muscle.  What  then  might  be  cause  of  "  faintness,"  i.e.  brain 
protoplasm  working  badly  ?— The  heart  muscle  shortening  and 
lengthening  badly,  and  so  too  little  blood  passmg  through 
brain.  What  else  might  cause  faintness  ? — Not  enough  food, 
or  not  enough  oxygen  in  blood.  Su^jpose  it's  any  of  these  three. 
Can  taking  a  drop  of  alcohol  be  good  for  the  brain  protoplasm, 
or  give  it  the  food  or  oxygen  it  needs  ? — No  ;  when  it  reaches 
the  protoplasm  it  will  only  weaken  it  still  further  and  so  make 
the  heart  beat  even  more  feebly.  Is  alcohol  itself  a  food  ? — 
No ;  as  we  saw,  it  has  no  building-up  food  in  it.  But  still 
people  always  think  it  is  good  for  faintness,  because  when  it 
is  given  to  a  fainting  person  they  revive.  But  if  you  made 
them  sip  hot  milk,  or  bovril,  or  hot  water,  or  even  water,  this 
would  make  the  heart  beat  more  quicldy,  and  send  the  needed 
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blood  to  the  brain  protoplasm.  Is  it  better  to  give  hot  milk 
to  a  fainting  or  tired  person  rather  than  alcohol  ?  Wo  will 
put  down  what  each  does  in  two  columns,  then  you  can  answer 
questions. 


Alcohol  Sipped. 

(1)  Actionof  sipping  makes  licart 

boat  moi'o  quickly  and  so 
sends  blood  to  bram. 

(2)  When  it  touches  the  nerves 

in  the  mouth  and  stomach  it 
sends  message  to  the  brain 
protoplasm  which  for  the 
minute  causes  the  heart  to 
work  more  quickly. 

(3)  Soon  causes  slowuig  of  heart's 

action. 

(4)  Hurts  the  brain  protoplasm 

itself,  maldng  it  sleepy  and 
less  active. 

(5)  Does  not  help  to  buUd  up 

or  repair  brain  protoplasm. 


Hot.  Milk  Si'P'ped. 

Ditto.  All  that  is  usuiiUy 
needed  to  revive  a  fainting 
person. 

Ditto. 


It  nourishes  heart  and  so  keeps 
up  right  action. 


Contains  all  the  food  materials 
necessary  for  activity  and 
repair  of  brain  protoplasm. 


You  might  compare  the  tired  brain  protoplasm  to  a  tired 
horse  ;  both  need  food  and  re^t.  Suppose  you  whip  the  horse 
he  will  go  a  bit  faster,  but  will  only  use  up  more  of  his  proto- 
plasm and  muscle,  and  get  more  and  more  tired  ;  or  you  may 
give  him  food  and  a  rest,  and  his  protoplasm  will  biiild  itself 
up  and  he  will  be  able  to  go  on  again.  Is  alcohol  like  the  whip, 
or  like  the  food  and  rest  ? — Like  the  whip.  Which  is  milk 
like  1  Which  would  you  rather  give  the  brain  protoplasm  of 
a  fainting  or  tired  person,  the  whip,  or  the  food  and  the  rest  ? 

We  have  had  three  ways  in  which  alcohol  deceives  people  ; 
each  of  you  write  them  down.  1.  Makes  them  think  they  are 
doing  better  work  when  they  are  doing  worse.  2.  Makes  them 
think  they  are  getting  more  heat  into  theii-  bodies  when  they  are 
losing  it  from  the  skin.  3.  Makes  them  think  it  is  building  up 
brain  and  other  parts  of  body,  and  making  them  less  tired  and 
faint,  when  it's  only  acting  lilce  a  whip  to  a  tired  horse,  and  they 
win  be  more  tired  than  ever  later  on. 
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